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Abstract

Background: Pituitary pars intermedia dysfunction (PPID) is a prevalent, age-related

chronic disorder in equids. Diagnosis of PPID can be challenging because of its broad

spectrum of clinical presentations and disparate published diagnostic criteria, and

there are limited available treatment options.

Objectives: To develop evidence-based primary care guidelines for the diagnosis and

treatment of equine PPID based on the available literature.

Study design: Evidence-based clinical guideline using the Grading of Recommenda-

tions, Assessment, Development and Evaluation (GRADE) framework.

Methods: Research questions were proposed by a panel of veterinarians and devel-

oped into PICO or another structured format. VetSRev and Veterinary Evidence were

searched for evidence summaries, and systematic searches of the NCBI PubMed and

CAB Direct databases were conducted using keyword searches in July 2022 and

updated in January 2023. The evidence was evaluated using the GRADE framework.

Results and recommendations: The research questions were categorised into four

areas: (A) Case selection for diagnostic testing, pre-test probability and diagnostic

test accuracy, (B) interpretation of test results, (C) pharmacological treatments and

other treatment/management options and (D) monitoring treated cases. Relevant

veterinary publications were identified and assessed using the GRADE criteria. The

results were developed into recommendations:

(A) Case selection for diagnostic testing and diagnostic test accuracy: (i) The preva-

lence of PPID in equids aged ≥15 years is between 21% and 27%; (ii) hypertrichosis

or delayed/incomplete hair coat shedding provides a high index of clinical suspicion

for PPID; (iii) the combination of clinical signs and age informs the index of clinical

suspicion prior to diagnostic testing; (iv) estimated pre-test probability of PPID

should be considered in interpretation of diagnostic test results; (v) pre-test probabil-

ity of PPID is low in equids aged <10 years; (vi) both pre-test probability of disease

and season of testing have strong influence on the ability to diagnose PPID using

basal adrenocorticotropic hormone (ACTH) or ACTH after thyrotropin-releasing hor-

mone (TRH) stimulation. The overall diagnostic accuracy of basal ACTH
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concentrations for diagnosing PPID ranged between 88% and 92% in the autumn

and 70% and 86% in the non-autumn, depending on the pre-test probability. Based

on a single study, the overall diagnostic accuracy of ACTH concentrations in response

to TRH after 30 minutes for diagnosing PPID ranged between 92% and 98% in the

autumn and 90% and 94% in the non-autumn, depending on the pre-test probability.

Thus, it should be remembered that the risk of a false positive result increases in situ-

ations where there is a low pre-test probability, which could mean that treatment is

initiated for PPID without checking for a more likely alternative diagnosis. This could

compromise horse welfare due to the commencement of lifelong therapy and/or fail-

ing to identify and treat an alternative potentially life-threatening condition.

(B) Interpretation of diagnostic tests: (i) There is a significant effect of breed on

plasma ACTH concentration, particularly in the autumn with markedly higher ACTH

concentrations in some but not all ‘thrifty’ breeds; (ii) basal and/or post-TRH ACTH con-

centrations may also be affected by latitude/location, diet/feeding, coat colour, critical ill-

ness and trailer transport; (iii) mild pain is unlikely to have a large effect on basal ACTH,

but caution may be required for more severe pain; (iv) determining diagnostic thresholds

that allow for all possible contributory factors is not practical; therefore, the use of equiv-

ocal ranges is supported; (v) dynamic insulin testing and TRH stimulation testing may be

combined, but TRH stimulation testing should not immediately follow an oral sugar test;

(vi) equids with PPID and hyperinsulinaemia appear to be at higher risk of laminitis, but

ACTH is not an independent predictor of laminitis risk.

(C) Pharmacologic treatments and other treatment/management options:

(i) Pergolide improves most clinical signs associated with PPID in the majority of

affected animals; (ii) Pergolide treatment lowers basal ACTH concentrations and

improves the ACTH response to TRH in many animals, but measures of insulin dysre-

gulation (ID) are not altered in most cases; (iii) chasteberry has no effect on ACTH

concentrations and there is no benefit to adding chasteberry to pergolide therapy;

(iv) combination of cyproheptadine with pergolide is not superior to pergolide alone;

(v) there is no evidence that pergolide has adverse cardiac effects in horses;

(vi) Pergolide does not affect insulin sensitivity.

(D) Monitoring pergolide-treated cases: (i) Hormone assays provide a crude indication

of pituitary control in response to pergolide therapy, however it is unknown whether

monitoring of ACTH concentrations and titrating of pergolide doses accordingly is

associated with improved endocrinological or clinical outcome; (ii) it is unknown

whether monitoring the ACTH response to TRH or clinical signs is associated with an

improved outcome; (iii) there is very weak evidence to suggest that increasing pergo-

lide dose in autumn months may be beneficial; (iv) there is little advantage in waiting

for more than a month to perform follow-up endocrine testing following initiation of

pergolide therapy; there may be merit in performing repeat tests sooner; (v) timing of

sampling in relation to pergolide dosing does not confound measurement of ACTH

concentration; (vi) there is no evidence that making changes after interpretation of

ACTH concentrations measured at certain times of the year is associated with

improved outcomes; (vii) evidence is very limited, however, compliance with PPID

treatment appears to be poor and it is unclear whether this influences clinical out-

come; (viii) evidence is very limited, but horses with clinical signs of PPID are likely to
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shed more nematode eggs than horses without clinical signs of PPID; it is unclear

whether this results in an increased risk of parasitic disease or whether there is a

need for more frequent assessment of faecal worm egg counts.

Main limitations: Limited relevant publications in the veterinary scientific literature.

Conclusions: These findings should be used to inform decision-making in equine pri-

mary care practice.

K E YWORD S

ACTH, geriatric, GRADE, horse, insulin, laminitis, pergolide, pituitary, TRH

1 | INTRODUCTION

Pituitary pars intermedia dysfunction (PPID) is a common disease of the

older horse and pony.1 Diagnosis and treatment of the condition can be

challenging due to either conflicting literature or a lack of evidence. Most

of the literature is expert opinion or case series, and there are only two

systematic reviews of the accuracy of one available diagnostic test2,3 and

one systematic review of the efficacy of one treatment4 to inform clinical

decision-making. The development of clinical guidelines is standard prac-

tice in human healthcare, and these have been shown to influence clini-

cal decision-making in clinical settings.5,6 The British Equine Veterinary

Association (BEVA) initiated the development of guidelines for clinical

practice aimed at equine primary care in an ambulatory setting with

topics determined annually by the Editor of Equine Veterinary Journal

after consultation with the membership and relevant BEVA Committees.

Primary care clinical guidelines have been developed for analgesia7 and

wounds8 in the horse using the Grading of Recommendations, Assess-

ment, Development and Evaluation (GRADE) framework and this study

was initiated to develop these for the diagnosis and treatment of PPID.

The aim of this study was to develop evidence-based clinical

practice guidelines for the diagnosis and treatment of PPID in the

horse. The objectives were to:

1. Identify questions relevant to clinical practice on the diagnosis and

treatment of PPID by a panel of first opinion and specialist veteri-

nary surgeons.

2. Appraise the current veterinary evidence for each question

through a systematic search of databases and assessment using

the GRADE criteria.

3. Make recommendations related to the diagnosis, treatment and

monitoring of PPID based on the available evidence.

2 | METHODS

2.1 | Selection of clinical questions

The Editors of Equine Veterinary Journal appointed the panel and

defined the area for the study as the diagnosis and treatment of

equine PPID following the nomination of topics by BEVA Committees

for Clinical Practice, Health and Medicine, Ethics and Welfare and

Equestrian Sports and consultation with members at their Annual

Congress in 2021. Each of the panel members was asked to nominate

clinical questions. The panel considered that identifying which animals

should be tested for PPID was answerable as a background rather

than a clinical question, requiring information on PPID prevalence and

clinical presentation to estimate pre-test probability. The remaining

clinical questions were then grouped into four categories: diagnostic

accuracy of available tests in animals with a low, moderate or high

pre-test probability of PPID; interpretation of diagnostic test results;

pharmacological agents for medical management of PPID and their

side effects, and other treatment/management options; and monitor-

ing pergolide-treated cases. Subsequently, each question category

was allocated to two-panel members, who defined PICO elements

(population/intervention/comparison/outcome) for each question,

with additional definitions for setting and subgroups, as described by

GRADE, where relevant.9 Outcomes of interest were selected based

on the expert opinion of the panel, considering their relative impor-

tance in clinical practice.9 The clinical questions for each category are

described in Table 1. One additional question that did not fit into this

categorisation was considered, namely, are equids with PPID and

insulin dysregulation (ID) at increased risk of laminitis compared with

equids with PPID without ID? The questions were presented during

an online webinar open to all BEVA members for comment.

2.2 | Review of current veterinary evidence
summaries

Initial searches for current evidence summaries on equine PPID in the

veterinary literature were conducted in the VetSRev database

(vetsrev.nottingham.ac.uk) and the Veterinary Evidence journal archive

(www.veterinaryevidence.org/index.php/ve/search) in August 2022

and January 2023.

2.3 | GRADE review of veterinary publications

2.3.1 | Protocol and registration

The study and the review protocol were not registered. The study

methods followed the GRADE handbook10 where possible.
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TABLE 1 Categorisation and listing of clinical questions relating to the diagnosis and treatment of equine pituitary pars intermedia
dysfunction following nomination by guidelines panel members.

Category Clinical questions

Diagnostic test accuracy What is the accuracy of basal ACTH or ACTH response (10 and 30 min) to TRH

administration performed in late summer or autumn for diagnosing PPID in horses with a

high/moderate/low pre-test probability (based on signalment and clinical signs) of PPID?

What is the accuracy of basal ACTH or ACTH response (10 and 30 min) to TRH

administration performed at other times of the year (non-autumn) for diagnosing PPID in

horses with a high/moderate/low pre-test probability (based on signalment and clinical

signs) of PPID?

Interpretation of diagnostic test results What is the effect on basal ACTH concentration or ACTH response (10 and 30 min) to TRH

administration for diagnosing PPID:

• When horses are fed vs. fasted?

• In horses with systemic disease?

• In obese vs. nonobese horses?

• In thrifty vs. unthrifty breeds?

• in stressed horses?

• In horses with laminitis?

• In horses in acute pain?

• In debilitated vs. otherwise healthy horses?

• In horses resident at different latitudes?

• In horses of different coat colour?

In horses, what is the effect of repeated TRH administration on ACTH response (10 and

30 min) compared to a single TRH administration for diagnosing PPID?

Does concurrent or consecutive dynamic insulin testing affect basal ACTH concentration or

ACTH response (10 or 30 min) to TRH administration for diagnosing PPID compared to

when performed with no other diagnostic tests?

Pharmacological agents and their side effects, and

other treatment/management options

In horses with PPID, does pergolide treatment:

• Improve the clinical signs compared to no treatment?

• Reduce basal ACTH concentrations or the ACTH response (10 min) to TRH compared to

no treatment?

In horses with PPID, does compounded pergolide improve the clinical signs or basal ACTH

concentrations or the ACTH response to TRH/reduce the side effects compared to

pergolide tablets?

In infertile broodmares with high ACTH concentrations but without outward signs of PPID,

does treatment with pergolide improve fertility compared to no treatment?

In late term broodmares with PPID, should pergolide treatment be withheld to reduce the risk

of agalactia compared to continuing treatment?

In horses with PPID, do alternative therapies such as Vitex agnus-castus alone or in

combination with pergolide reduce clinical signs or basal ACTH concentrations or the

ACTH response (10 and 30 min) to TRH compared to pergolide alone or no treatment?

In horses with PPID, does cyproheptadine in combination with pergolide reduce clinical signs

or basal ACTH concentrations or the ACTH response (10 and 30 min) to TRH compared to

pergolide alone?

In horses with PPID, does half dose twice a day administration of pergolide produce fewer

side effects and/or a better improvement in the clinical signs or basal ACTH concentrations

or the ACTH response to TRH compared to the full dose once daily?

In horses with PPID, are there effective treatment options that can be used in pregnancy/

lactating horses/horses competing under rules?

In horses with PPID, does pergolide have harmful cardiac effects?

In horses with PPID whose clinical signs/laboratory tests are stabilised on pergolide, does the

dose need to be altered?

In horses with PPID and ID, does treatment with pergolide improve insulin sensitivity?

In horses with PPID and ID that are treated with pergolide, is improvement in ID associated

with improvement in the clinical signs?

Monitoring pergolide-treated cases In horses with PPID that are treated with pergolide:

• Is monitoring of basal ACTH and altering the dose of pergolide accordingly associated with

improvement in the clinical signs or basal ACTH concentrations or the ACTH response

to TRH?

• Is the monitoring of ACTH response (10 and 30 min) to TRH associated with improvement

in the clinical signs or basal ACTH concentrations or the ACTH response to TRH?

4 MENZIES-GOW ET AL.

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�



2.3.2 | Eligibility criteria

Limitations on publication date, setting or study population were not

imposed (Table 2). Individual case reports were excluded, but no other

limitations on study design were imposed. Although not necessarily

peer-reviewed, conference proceedings were considered for inclusion

if available online, but other grey literature sources were not included.

2.3.3 | Information sources and search

A common strategy for database searches was developed and used as

a framework for each individual question. Systematic searches of

NCBI PubMed and CAB Direct databases were conducted between

April 2022 and August 2022, and updated in January 2023, using

common keyword searches with additional search terms added for each

clinical question.11 Abstracts from the Global Equine Endocrinology Sym-

posia that were available online were screened manually for relevant

abstracts, and backward citation searching using reference lists of all

retrieved publications was undertaken. These guidelines focus on PPID

in horses and ponies; therefore, search terms pertaining to donkeys and

other equids were not included. However, publications in which donkeys

or other equids were included in the study population were not excluded

from the review. Specific search terms for each clinical question are

described in Tables S1–S7. Records retrieved from each database search

were combined, and duplicates were removed.

2.3.4 | Study selection

The title and abstracts of the remaining publications were screened, and

those meeting exclusion criteria were excluded at this stage (Table 2).

Full-text articles and abstracts were then reviewed to identify relevant

publications suitable for evidence appraisal. An unblinded eligibility

assessment was carried out independently by panel members. Where

abstracts reported findings from the same study as a full publication, only

the full publication was assessed to avoid duplication.

2.3.5 | Data collection process

Data were extracted from each publication by each researcher inde-

pendently using a standard data extraction form. No duplication of

data extraction was performed.

2.3.6 | Synthesis of results

GRADE is a transparent framework for developing and presenting

summaries of evidence and provides a systematic approach for mak-

ing clinical practice recommendations; it is the most widely adopted

tool for grading the quality of evidence and for making recommenda-

tions.9,12 After deciding what the clinical question is, including the

TABLE 1 (Continued)

Category Clinical questions

• Is monitoring of clinical signs associated with improvement in the clinical signs or basal

ACTH concentrations or the ACTH response to TRH?

• Is seasonal adjustment of pergolide doses associated with improvement in the clinical signs

or basal ACTH concentrations or the ACTH response to TRH?

• What is the optimal timing post initiation of treatment to assess the endocrine response to

treatment?

• What is the optimal timing of repeating basal ACTH, ACTH response (10 and 30 min) to

TRH or ID testing in relation to pergolide treatment? What time of year is best to assess

clinical and endocrine responses?

• Does owner compliance influence improvement in the clinical signs or basal ACTH

concentrations or the ACTH response to TRH?

• Should faecal egg count be performed more regularly than in non-PPID horses?

• Should markers of hepatic, renal or any other organ dysfunction be monitored?

Abbreviations: ACTH, adrenocorticotropic hormone; ID, insulin dysregulation; PPID, pituitary pars intermedia dysfunction; TRH, thyrotropin-releasing hormone.

TABLE 2 Inclusion and exclusion criteria used to screen titles and
abstracts of publications appropriate for appraisal of evidence on
diagnosis and treatment of pituitary pars intermedia dysfunction in
the horse.

Inclusion criteria Exclusion criteria

Original research articles,

systematic reviews or

structured evidence summaries

(including knowledge

summaries, BestBETs, CATs)

Single case reports, personal

opinion/reviews, textbooks or

technical literature

Study published in full, and

available in English English

language abstracts were

assessed, where available, for

publications in other languages

Studies not available in English

Published or freely available

conference abstracts

Studies relating to equids

including clinical case studies

and trials, in vivo and in vitro

equine models

MENZIES-GOW ET AL. 5

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�



population that the question applies to, and the outcomes that matter

most to those faced with the decision, the authors then rate the qual-

ity of evidence.9 GRADE has four levels of evidence—also known as

certainty in evidence or quality of evidence: very low, low, moderate

and high.12 Evidence from randomised controlled trials starts at high

quality, and evidence that includes observational data starts at low

quality.13 The certainty in the evidence is increased or decreased

for several reasons, including risk of bias, imprecision, inconsis-

tency, indirectness and publication bias (Table 3). After assessing

the quality of evidence, recommendations are made, which can be

strong or weak, in favour of or against an intervention (Table 4).13

Strong recommendations suggest that all or almost all persons

would choose that intervention. Weak recommendations imply that

there is likely to be an important variation in the decision that

informed persons are likely to make. Recommendations are more

likely to be weak rather than strong when the certainty in evidence

is low, when there is a close balance between desirable and unde-

sirable consequences, when there is substantial variation or uncer-

tainty in patient values and preferences, and when interventions

require considerable resources.13

Publications relevant to each clinical question that met inclu-

sion criteria were critically appraised using the GRADE criteria out-

lined above and summarised. No quantitative quality scoring

system was used, and studies were not excluded on quality

grounds.

2.3.7 | Identifying subgroups of the horse at
different risk for PPID (pre-test probability)

When making recommendations about the use of diagnostic tests,

pre-test probability must be considered.15 In the absence of any pub-

lished diagnostic models for PPID or validated clinical decision rules for

generating pre-test probabilities, a multi-stage process was used to

address the background question regarding case selection for

diagnostic testing and to define subgroups of horses based on their pre-

test probability. In brief, a list of clinical signs and co-morbidities associ-

ated with PPID was collated following the literature review. Together

with items regarding horse age, these signs were included in an online

questionnaire in the first round of a modified Delphi consultation with

panel members.16 Panel members were asked to indicate the degree to

which each sign would prompt them to perform diagnostic testing for

PPID, using closed-ended responses on a 7-point interval scale, which

ranged from 0 (definitely would not test for PPID) to 100 (definite indica-

tion to test for PPID).16 Consensus for each item was pre-defined as

≥75% of panel members' responses being within a 2-point range, or less,

of each other. For items for which consensus was achieved, summary

statistics from the first round were provided in the second-round ques-

tionnaire and panel members were asked to quantify the degree of clini-

cal suspicion of PPID they would associate with each sign (low,

moderate, high or very high). For items where consensus was not

achieved in the first round, the questions remained identical. Panel mem-

bers were provided with a personalised copy of the questionnaire that

displayed their initial responses alongside the median and interquartile

TABLE 3 Assessment criteria used to alter GRADE quality of
evidence.13

Reasons to downgrade the

evidence quality

Reasons to upgrade the evidence

quality

1. Risk of bias

2. Inconsistency

3. Indirectness

4. Imprecision

5. Publication bias

6. Large magnitude of effect

7. Dose response

8. Effect of all plausible

confounding factors would be

to reduce the effect (where an

effect is observed) or suggest

a spurious effect (when no

effect is observed)

For these five criteria, if

• no serious concern exists, do

not downgrade quality from

the baseline quality (e.g. high

for RCTs)

• serious concern exists,

downgrade the evidence one

level, e.g., from high to

moderate (�1)

• very serious concern exists,

downgrade the evidence

two levels, e.g., from high to

low (�2)

For Criteria 6–8, decide if the

evidence should be upgraded

once (+1) or twice (+2).

Remember RCT evidence quality

is very rarely upgraded.

Note: GRADE starts with a baseline rating of high for RCTs, and low for

non-RCTs. This baseline rating can then be adjusted (downgraded or less

commonly, upgraded) after considering eight assessment criteria and

making a judgement about quality based on these.

Abbreviations: GRADE, Grading of Recommendations, Assessment,

Development and Evaluation; RCT, randomised controlled trial.

TABLE 4 Factors determining the strength of a GRADE
recommendation.14

Factor Comment

Balance between desirable

and undesirable effects/

consequences

The larger the difference between

the desirable and undesirable

effects, the higher the likelihood

that a strong recommendation is

warranted. The narrower the

gradient, the higher the

likelihood that a weak

recommendation is warranted

Quality of evidence The higher the quality of evidence,

the higher the likelihood that a

strong recommendation is

warranted

Values and preferences The more values and preferences

vary, or the greater the

uncertainty in values and

preferences, the higher the

likelihood that a weak

recommendation is warranted

Costs (resource allocation) The higher the costs of an

intervention—that is, the greater

the resources consumed—the

lower the likelihood that a strong

recommendation is warranted

Abbreviation: GRADE, Grading of Recommendations, Assessment,

Development and Evaluation.
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range of all first-round responses and were asked to reconsider their

choices in light of the panel's response.16

Published PPID prevalence estimates and data pertaining to the

frequency with which clinical signs were reported amongst

veterinary-diagnosed cases and associations between clinical signs

and PPID were collated from included publications. Prevalence esti-

mates of PPID in defined populations in the reviewed studies were

used to generate estimated values of pre-test probabilities. These

values were subsequently used in combination with published sensi-

tivity and specificity estimates to calculate measures of diagnostic

accuracy for both basal adrenocorticotropic hormone (ACTH) and

ACTH concentration at 10- and 30-min following thyrotropin-

releasing hormone (TRH) administration for the diagnosis of PPID,

depending on pre-test probability (low, moderate and high).

2.3.8 | Drafting of recommendations

After reviewing the relevant literature and summarising the evidence

in pairs, each pair then drafted their recommendations. This was pre-

sented at the annual BEVA congress for input from the BEVA mem-

bership and two preassigned reviewers appointed by the editors of

Equine Veterinary Journal. Following this, each pair then drafted their

section of the manuscript and circulated it to the remainder of the

panel for input. After several iterations, all sections of the final version

were approved by all panel members. The article has also undergone

EVJ's standard peer review process, except that the usual double

anonymous review process was not applied and authors' and

reviewers' identities were known to each other.

3 | RESULTS

3.1 | Review of current veterinary evidence
summaries

Three systematic reviews2–4 were identified through searches in

VetSRev, all of which met inclusion criteria, and no relevant evidence

summaries were identified from Veterinary Evidence archive searches.

3.2 | GRADE review of veterinary publications

The total number of relevant studies identified varied between cate-

gories and are presented in Tables S1–S7. The summaries and recom-

mendations based on these are presented below.

3.3 | Case selection for diagnostic testing and pre-
test probability

One systematic review17 and 13 additional publications18–32 were

identified that provided data on the frequency of clinical signs within

veterinary-diagnosed PPID cases, which were considered in combina-

tion with the outcomes from the panel Delphi consultation to catego-

rise clinical signs by the index of clinical suspicion (Table 5).

Generalised or regional hypertrichosis (± delayed/abnormal coat shed-

ding) was the most commonly reported sign across all studies

(Figures 1–5). Both owner-reported history of hypertrichosis and

delayed/abnormal coat shedding have been associated with increased

odds of PPID.1,30 Multiple clinical signs were categorised as providing

a moderate index of clinical suspicion for PPID. These signs were

TABLE 5 Summary table of the clinical signs and co-morbidities
associated with a high, moderate and low clinical suspicion of equine
pituitary pars intermedia dysfunction (PPID).

High clinical

suspicion

Moderate clinical

suspicion

Low clinical

suspicion

Generalised or

regional

hypertrichosis

(Ma)

Hyperhidrosis (Ma) Inappropriate

lactation (VL)

Delayed/

incomplete hair

coat shedding (La)

Abnormal fat

distribution/regional

adiposity (M)

Corneal ulceration

(VL)

Epaxial muscle

atrophy/wasted top

line (La)

Tachycardia (VL)

Laminitis (acute and/or

chronic) (La)

Tachypnoea (VL)

Weight loss (La) Anhidrosis/heat

stress (VL)

Recurrent/

opportunistic

infections (La)

Exercise

intolerance (VL)

Behavioural changes/

lethargy/docility (La)

Polyphagia (VL)

Polyuria and polydipsia

(La)

Ataxia (VL)

Pot-bellied appearance

(La)

Other neurological

signs (VL)

Bulging supraorbital fat

(L)

Lightening of coat

colour (IE)

Delayed/poor wound

healing (L)

Dull/coarse hair

coat (IE)

Lordosis (VL) Suspensory

ligament

degeneration

(IE)

Infertility (VL) Persistent/

recurrent

endoparasites

(IE)

Note: Letters in parentheses indicate overall GRADE quality of evidence

rating, where M = moderate; L = low; VL = very low and IE = insufficient

evidence.
aRating was downgraded by one level due to inconsistency in the results,

which could not be attributed entirely to differences in PPID case

selection between studies.
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reported with variable frequency amongst PPID cases in the litera-

ture, and there is no or limited available evidence of a positive asso-

ciation between their occurrence and PPID. Many additional

clinical signs were categorised as providing a low index of clinical

suspicion for PPID. These signs are reported with variable but low

frequency or moderate frequency in a small number of studies

amongst PPID cases in the literature, and there is no available evi-

dence of a positive association between their occurrence and PPID.

A summary of the key recommendations is presented in Table 6

and Figure 5.

Eleven publications1,24,28,31,33–39 that provided PPID prevalence

estimates in diverse equine populations were identified. For measures

of diagnostic test accuracy, the panel chose to make recommenda-

tions for equids with a high, moderate, or low pre-test probability of

PPID based on the clinical suspicion determined above. The estimate

for high pre-test probability was obtained from populations of equids

suspected of PPID with veterinary-reported current and/or historical

hypertrichosis ± delayed coat shedding. The estimate for moderate

pre-test probability was obtained from populations of equids aged

≥15 years, inclusive of any clinical presentation (i.e., average preva-

lence in aged equids). As no studies that reported PPID prevalence

amongst equids presenting only with nonspecific clinical signs were

identified, the estimate for low pre-test probability was obtained from

veterinary-diagnosed PPID prevalence in the general equine

population, irrespective of age or clinical presentation. Using this

approach, the high pre-test probability was estimated to be

64%,1,31,35 the moderate pre-test probability was 24%24,33 and the

low pre-test probability was 3%.34

3.4 | Diagnostic test accuracy

Five publications1,40–43 were identified that provided data on diagnos-

tic test accuracy (Table S3).

3.4.1 | What is the accuracy of basal ACTH
performed in the late summer or autumn for diagnosing
PPID in horses with a low/moderate/high pre-test
probability (based on signalment and clinical signs)
of PPID?

Three publications provided seasonally adjusted basal ACTH data col-

lected in the autumn from 242 tests.1,40,41 The overall sensitivity and

specificity of basal ACTH concentrations calculated from these stud-

ies were 93% and 88%, respectively. The calculated positive predic-

tive value (PPV), negative predictive value (NPV) and accuracy are

shown in Table 7. The calculated numbers of animals that would be

.0
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F IGURE 1 Box and whisker plots of the frequencies with which clinical signs and co-morbidities were reported amongst pituitary pars
intermedia dysfunction (PPID) cases in included studies, displayed by overall high (red), moderate (orange) and low (green) index of clinical
suspicion. Horizontal black lines represent median percentage of PPID cases reported to have each clinical sign, boxes represent interquartile

range and whiskers represent full range. The number of included studies providing data on the frequency of each sign amongst PPID cases is
reported on the x-axis.
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true positive (TP; i.e., are PPID positive and test positive), true nega-

tive (TN; i.e., are PPID negative and test negative), false positive (FP;

i.e., are PPID negative but test positive) and false negative (FN;

i.e., are PPID positive but test negative) in a cohort of 1000 animals

tested are shown in Table 8.

In the autumn, a negative ACTH test is strongly suggestive of the

absence of PPID, regardless of pre-test probability. In horses with a

high pre-test probability of PPID, a positive test in the autumn cor-

rectly identifies PPID in �93% of cases, whereas FP test results occur

in �80% of horses with low pre-test probability and �40% of horses

with moderate pre-test probability. Overall test accuracy ranged from

88% (horses with low pre-test probability) to 92% (high pre-test

probability).

3.4.2 | What is the accuracy of basal ACTH
performed at other times of the year (non-autumn) for
diagnosing PPID in horses with a low/moderate/high
pre-test probability (based on signalment and clinical
signs) of PPID?

Four publications provided seasonally adjusted, non-autumn basal

ACTH data from 1353 tests (Table S31,40–42). The overall sensitivity

and specificity of basal ACTH concentrations calculated from these

studies were 60% and 87%, respectively. The calculated PPV, NPV

and accuracy are shown in Table 7. The calculated numbers of animals

that would be TP, TN, FP and FN in a cohort of 1000 animals tested

are shown in Table 8.

F IGURE 2 Hypertrichosis is the most
prevalent clinical sign reported amongst
pituitary pars intermedia dysfunction
cases in included studies and is therefore
considered to have a high index of
suspicion.

F IGURE 3 Delayed or abnormal coat
shedding is a prevalent clinical sign
reported amongst pituitary pars
intermedia dysfunction cases in included
studies and is therefore considered to
have a high index of suspicion.
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FP ACTH tests are common in the non-autumn in horses with

a low or moderate pre-test probability of PPID. A negative ACTH

test in the non-autumn is strong evidence of the absence of PPID

in horses with a low to moderate pre-test probability of PPID but

less useful in the horse with a high pre-test probability of PPID.

Overall test accuracy ranged from 70% in horses with a high pre-

test probability of PPID to 86% in horses with a low pre-test

probability.

F IGURE 4 Clinical signs which are
moderately prevalent amongst pituitary
pars intermedia dysfunction (PPID) cases
in included studies include weight loss
and pot-bellied appearance. Other clinical
signs associated with moderate and low
prevalence and no or limited available
evidence of association with PPID are
displayed in Figure 1.

Consider presenting 
signs and age of the
horse

High clinical suspicion 
(hypertrichosis and/or 
delayed/incomplete 
haircoat shedding)

Can be confident of 
clinical suspicion and 
confirm with further 
diagnostic testing.

Moderate clinical 
suspicion (see Table 5)

Need to consider age of animal 
as well as presenting signs 
collectively.
Consider other potential causes 
of signs particularly if <10 years 
old.
Undertake further diagnostic 
testing in light of these.

Low clinical suspicion
(see Table 5)

Need to consider age of animal as well as presenting signs 
collectively.
Consider other potential causes of signs prior to testing 
particularly if <15 years old.
Undertake further diagnostic testing in light of these.

Signs of laminitis, 
bulging supraorbital 
fat pads and/or 
regional adiposity   

Need to consider Equine metabolic syndrome (alternative 
diagnosis or concurrent with PPID).
Perform tests for insulin dysregulation.

F IGURE 5 Flow chart for interpretation of clinical suspicion.
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3.4.3 | What is the accuracy of ACTH response to
TRH after 10 min performed in the late summer or
autumn for diagnosing PPID in horses with a
low/moderate/high pre-test probability (based on
signalment and clinical signs) of PPID?

No suitable publications were identified. Thus, the PPV, NPV and

accuracy and the numbers of animals that would be TP, TN, FP

and FN in a cohort of 1000 animals tested could not be calculated

(Tables 7 and 8) and nothing can be said about the accuracy of ACTH

TRH after 10 min (T10) post-TRH.

3.4.4 | What is the accuracy of ACTH response to
T10 performed at other times of the year (non-autumn)
for diagnosing PPID in horses with a low/moderate/
high pre-test probability (based on signalment and
clinical signs) of PPID?

Only one study reported ACTH T10 in non-autumn with sensitivity

and specificity data.43 There were also a few studies reporting ACTH

post-TRH stimulation at slightly different timepoints or without

clearly stating season of testing. The one report included only

12 horses and had a high risk of spectrum bias through case–control

design (where horses were selected to have strong clinical signs of

PPID or to have no clinical signs). Thus, the PPV, NPV and accuracy

and the numbers of animals that would be TP, TN, FP, and FN in a

cohort of 1000 animals tested could not be calculated (Tables 7

and 8).

With the current level of literature, nothing can be said about the

accuracy of ACTH T10 post-TRH.

3.4.5 | What is the accuracy of ACTH response to
TRH after 30 min performed in the late summer or
autumn for diagnosing PPID in horses with a
low/moderate/high pre-test probability (based on
signalment and clinical signs) of PPID?

One publication provided data from 154 tests.41 The overall sensitiv-

ity and specificity of TRH after 30 min (T30) ACTH concentration cal-

culated from this study was 89% and 98%, respectively. However, it

should be acknowledged that the same data used to develop the

monthly diagnostic cut-off values were used in the calculation of sen-

sitivity and specificity, which can favourably bias the performance cal-

culations.3 The calculated PPV, NPV and accuracy are shown in

Table 7. The calculated numbers of animals that would be TP, TN, FP

and FN in a cohort of 1000 animals tested are shown in Table 8.

ACTH response (T30) following TRH stimulation in the autumn is

more accurate in horses with low or moderate pre-test probability of

PPID and of similar accuracy in horses with high pre-test probability

compared to basal ACTH measurement.

TABLE 6 Summary of key recommendations for case selection for diagnostic testing.

Recommendations for case selection for diagnostic testing

GRADE quality

of evidence

GRADE categorisation

of recommendation

Clinical diagnosis of PPID is made by a combination of presenting signs and horse age. To facilitate

interpretation of diagnostic test results, these should be considered together with expected disease

prevalence in comparable populations to estimate pre-test probability for individual cases.

High Strong

Signs that provide a high index of clinical suspicion for PPID are current and/or historical

hypertrichosis or delayed/incomplete hair coat shedding.

Moderate Strong

For equids of any age exhibiting clinical signs that provide a moderate index of clinical suspicion for

PPID, the combination of signs and age should be considered collectively to inform degree of

clinical suspicion before diagnostic testing, and other potential causes of clinical signs should be

investigated.

Guideline panel

consensus

Strong

For equids only exhibiting clinical signs that provide a low index of clinical suspicion for PPID, the

combination of signs and age should be considered collectively to inform degree of clinical

suspicion. Other potential causes of clinical signs should be investigated, and in equids aged

<15 years this would be advisable before diagnostic testing for PPID, given the low pre-test

probability in these animals.

Guideline panel

consensus

Strong

Pre-test probability of PPID is low in equids aged <10 years. For equids in this age category, other

potential causes of clinical signs should be investigated and diagnostic testing for PPID should only

be considered in the presence of multiple compatible clinical signs that increase clinical suspicion.

Moderate Strong

Clinical signs such as laminitis, bulging supraorbital fat and regional adiposity overlap with equine

metabolic syndrome, and laboratory testing for insulin dysregulation should be performed in equids

presenting with these signs.

Moderate Strong

Abbreviations: GRADE, Grading of Recommendations, Assessment, Development and Evaluation; PPID, pituitary pars intermedia dysfunction.

MENZIES-GOW ET AL. 11

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�



3.4.6 | What is the accuracy of ACTH response to
T30 performed at other times of the year (non-autumn)
for diagnosing PPID in horses with a low/moderate/
high pre-test probability (based on signalment and
clinical signs) of PPID?

Only one publication provided T30 data collected in the non-autumn

with 444 tests.41 The overall sensitivity and specificity of ACTH

response to TRH after 30 minutes calculated from this study was 87%

and 94%, respectively. This study used the same population of

104 horses to derive monthly diagnostic cut-off values as used to

determine sensitivity and specificity, a practice that can falsely elevate

the performance of the test. The calculated PPV, NPV and accuracy

are shown in Table 7. The calculated numbers of animals that would

be TP, TN, FP and FN in a cohort of 1000 animals tested are shown in

Table 8.

ACTH response (T30) following TRH stimulation in the non-

autumn is more accurate in horses regardless of their pre-test

TABLE 8 Summary of the calculated numbers of animals that would be true positive (TP; i.e., are PPID positive and test positive), true
negative (TN; i.e., are PPID negative and test negative), false positive (FP; i.e., are PPID negative but test positive) and false negative (FN; i.e., are
PPID positive but test negative) in a cohort of 1000 animals tested in autumn and non-autumn using basal ACTH concentrations and the ACTH
response to TRH after 30 min (T30).

Test

Clinical

suspicion

Results per 1000 equids tested (95% confidence intervals)

Autumn Non-autumn

True

positive

False

positive

True

negative

False

negative

True

positive

False

positive

True

negative

False

negative

Basal ACTH Low 28 (25–30) 116 (96–
136)

854 (834–
874)

2 (0–5) 18 (13–23) 126 (105–
147)

844 (823–
865)

12 (7–17)

Moderate 223 (215–
230)

91 (73–
109)

669 (651–
687)

17 (9–25) 144 (129–
159)

99 (81–117) 661 (643–
679)

99 (84–114)

High 595 (582–
608)

43 (31–55) 317 (305–
329)

45 (32–58) 384 (359–
408)

47 (34–60) 313 (300–
326)

256 (231–
280)

ACTH

response

to TRH

T10

Low – – – – – – – –

Moderate – – – – – – – –

High – – – – – – – –

ACTH

response

to TRH

T30

Low 27 (24–30) 19 (11–27) 951 (943–
959)

3 (0–6) 26 (22–30) 58 (44–72) 912 (898–
926)

4 (0–8)

Moderate 214 (205–
223)

15 (7–23) 745 (737–
753)

26 (17–35) 209 (199–
219)

46 (33–59) 714 (701–
727)

31(21–42)

High 570 (554–
585)

7 (2–12) 353 (348–
358)

70 (55–85) 557 (540–
574)

22 (13–31) 338 (329–
347)

83 (66–100)

Abbreviations: ACTH, adrenocorticotropic hormone; PPID, pituitary pars intermedia dysfunction; TRH, thyrotropin-releasing hormone.

TABLE 7 Summary of calculated positive predictive value (PPV), negative predictive value (NPV) and accuracy for basal adrenocorticotropic
hormone (ACTH) concentration and the ACTH response to thyrotropin-releasing hormone (TRH) after 10 (T10) and 30 (T30) minutes in autumn
and non-autumn in animals with a low, moderate or high (or all animals combined) clinical suspicion of disease.

Test Clinical suspicion

PPV (%) NPV (%) Accuracy (%)

Autumn Non-autumn Autumn Non-autumn Autumn Non-autumn

Basal ACTH Low 20 12 99 99 88 86

Moderate 71 59 98 87 89 80

High 93 89 88 55 92 70

All – 48 – 92 – –

ACTH response

to TRH T10

Low – – – – – –

Moderate – – – – – –

High – – – – – –

ACTH response

to TRH T30

Low 58 31 100 100 98 94

Moderate 93 82 97 96 96 92

High 99 96 83 80 92 90

Abbreviations: ACTH, adrenocorticotropic hormone; TRH, thyrotropin-releasing hormone.
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probability of PPID, with a better than 90% accuracy across all groups

of horses.

3.5 | Interpretation of test results

In total, 25 publications41,44–67 and seven abstracts43,68–73 were iden-

tified that provided data on the interpretation of diagnostic test

results (Table S4). A summary of the key recommendations is pre-

sented in Table 9.

3.5.1 | In horses, how does the fed compared to
fasted state affect basal ACTH concentration or ACTH
response (10 min) to TRH administration for
diagnosing PPID?

Three publications were included.44–46 Overall, these publications

revealed that there may be some effect of diet and/or feeding or

withholding feed on basal plasma ACTH concentrations and the

effects of withholding feed may also be relevant to TRH stimulation

tests. For repeated sampling of the same individual, it is prudent to

test under similar dietary conditions.

3.5.2 | In horses, how does systemic disease affect
basal ACTH concentration or ACTH response (10 or
30 min) to TRH administration for diagnosing PPID?

Three papers were identified60,63,66 that suggest basal ACTH concen-

trations can be increased during illness. Thus, tests for PPID should

not be performed in horses that are critically ill.

3.5.3 | In horses, what is the effect of repeated
TRH administration on ACTH response (10 and 30 min)
compared to a single TRH administration for
diagnosing PPID?

Two publications47,48 and one abstract43 were included and demon-

strated that there was good repeatability of the TRH stimulation test

in non-autumn months when performed at intervals of 2–4 weeks;

however, during the autumn, more variation should be expected.

There was a smaller response of ACTH to TRH stimulation when tests

were repeated within 1 day of each other.45 Thus, TRH simulation

tests for PPID should not be performed at intervals shorter than 24 h.

3.5.4 | In horses, how does being obese compared
to nonobese affect basal ACTH concentration or ACTH
response (10 and 30 min) to TRH administration for
diagnosing PPID?

One relevant publication was identified.41 There were no differences

in ACTH concentrations amongst body condition score groups when

stratified as low (BCS 1–3), (BCS 4–6) or high (BCS 7–9).41 Thus, body

condition score may not impact testing for PPID.

3.5.5 | In horses, how does being a thrifty
compared to an unthrifty breed affect basal ACTH
concentration or ACTH response (10 and 30 min) to
TRH administration for diagnosing PPID?

In total, four publications49–51,55 and one abstract70 were included

and revealed that there was a significant effect of breed on basal

TABLE 9 Summary of key recommendations for diagnostic test interpretation.

Recommendations for case selection for diagnostic test interpretation

GRADE quality of

evidence

GRADE categorisation

of recommendation

For repeated sampling of the same individual, it is prudent to test under similar dietary conditions. Low Weak

Test for PPID should not be performed in horses that are critically ill. Moderate Weak

TRH stimulation tests for PPID should not be performed at intervals shorter than 24 h. At intervals

of 2–4 weeks, TRH stimulation are repeatable in non-autumn months but short-term variability in

test results during autumn may limit diagnostic accuracy.

Moderate Strong

Breed may influence basal and post-TRH ACTH concentrations, particularly in autumn. Breed

specific reference intervals may be useful.

Moderate Strong

Basal ACTH concentrations should not be measured immediately after transport. Moderate Strong

Pain may affect basal ACTH concentrations and caution should be exercised when considering

diagnostic testing for equids in moderate to severe pain.

Low Weak

Dynamic insulin testing and TRH stimulation testing may be combined but TRH stimulation testing

should not follow an OST.

Low Weak

Geography and latitude affect basal ACTH. Location (rather than just latitude) specific reference

intervals may be useful.

Moderate Strong

Abbreviations: ACTH, adrenocorticotropic hormone; GRADE, Grading of Recommendations, Assessment, Development and Evaluation; OST, oral sugar

test; PPID, pituitary pars intermedia dysfunction; TRH, thyrotropin-releasing hormone.
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ACTH concentration, in particular in the autumn. Some thrifty

breeds have higher basal ACTH concentrations than lighter breed

horses in the autumn, whilst other thrifty breeds such as Conne-

mara do not. No studies evaluated the effect of breed on post-TRH

ACTH concentrations. Thus, breed-specific reference intervals may

be useful.

3.5.6 | Does stress affect basal ACTH
concentration or ACTH response (10 min) to TRH
administration for diagnosing PPID in horses?

Six publications53,61,62,64,65,68 and one abstract68 were included.

Although there are several papers detailing the impact of exercise on

ACTH concentrations, this was not specifically identified as a stressor

and so were not included in this review.

Responses to transport by trailer differed between studies,

but transport may increase basal ACTH and post-TRH ACTH con-

centrations.62,64,65 However, trailer transport was not reported to

alter the interpretation of TRH stimulation tests.68 Novelty stress

had a small but significant effect on basal plasma ACTH

concentration,61 while competition stress induced a significant

change in basal plasma ACTH concentration that was reduced

with increased competition experience.67 Finally, venepuncture is

unlikely to have an effect on most horses.53 Thus, basal ACTH

concentrations should not be measured immediately after trans-

port or acute stress.

3.5.7 | Does laminitis affect basal ACTH
concentration or ACTH response (10 and 30 min) to
TRH administration for diagnosing PPID in horses?

Two publications54,60 were included. One revealed that there was

no effect of moderate pain on basal ACTH concentrations or the

ACTH response to TRH. The second revealed that in horses with

laminitis, ACTH concentrations were increased (post-TRH ACTH

was not measured) compared to control horses.60 Thus, mild to

moderate laminitis pain may impact basal ACTH or ACTH response

to TRH.

3.5.8 | Does acute pain affect basal ACTH
concentration or ACTH response (10 min) to TRH
administration for diagnosing PPID in horses?

Two publications54,60 were identified. One51 indicated that

there was no effect of moderate pain on basal ACTH concentra-

tions or the ACTH response to TRH. However, horses with acute

abdominal syndrome had higher ACTH concentrations (post-TRH

ACTH was not measured) compared to control horses.60 Thus,

mild to moderate pain may impact basal ACTH or ACTH response

to TRH.

3.5.9 | Does concurrent or consecutive dynamic
insulin testing affect basal ACTH concentration or
ACTH response (10 or 30 min) to TRH administration
for diagnosing PPID compared to when performed with
no other diagnostic tests?

Two relevant publications45,59 and one abstract69 were identified.

TRH stimulation is lower in horses when administered at 60 min post

oral sugar administration in the oral sugar test (OST), compared to

being fed or fasted45; basal ACTH was not impacted. No clinically rel-

evant difference in TRH-stimulated ACTH (10 or 30 min) was identi-

fied when insulin tolerance test (ITT) and TRH stimulation were

administered concurrently.59,69 These findings suggest that basal

ACTH may not be impacted by concurrent dynamic insulin testing;

post-TRH ACTH concentrations may be impacted by concurrent OST

testing; and there appear to be no clinically significant impacts of con-

current testing when using the ITT.

3.5.10 | In horses, how does being debilitated
compared to healthy affect basal ACTH concentration
or ACTH response (10 min) to TRH administration for
diagnosing PPID?

The definition of debilitated use was a state of weakness and loss of

ability caused by illness, injury of lack of proper nutrition. No suitable

publications were identified.

3.5.11 | What is the effect of different latitude on
basal ACTH concentration or ACTH response (10 and
30 min) to TRH administration for diagnosing PPID?

Four publications51,56–58 and one abstract73 were included and

revealed that whilst latitude impacts ACTH, there are other factors

that also play a role in differences identified between locations.

Geographic-specific reference intervals should be used rather than

just latitude-specific intervals.

3.5.12 | What is the effect of coat colour on basal
ACTH concentration or ACTH response (10 min) to
TRH administration for diagnosing PPID?

One abstract was identified,74 which reported that grey horses have

higher basal ACTH concentrations than non-grey horses in autumn.

3.6 | Pharmacological treatments and other
treatment/management options

In total, one systematic review,4 11 publications20,52,75–83 and two

abstracts22,83 were identified that provided data on the pharmacologic
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treatments and other treatment/management options (Table S4). A

summary of the key recommendations is presented in Table 10.

3.6.1 | In horses with PPID, does pergolide
treatment improve the clinical signs compared to no
treatment?

One systematic review was identified,4 which included 28 publications.

Reported improvement in at least one clinical sign following commence-

ment of pergolide treatment ranged from 40% to 100%, with a high pro-

portion of cases (≥76%) showing clinical improvement in most studies.

The relative improvement in specific clinical signs following pergolide

treatment could be determined in five studies. Improvement in hypertri-

chosis ranged from 30% to 100%, abnormal fat distribution 0%–33%,

hyperhidrosis 15%–45%, lethargy/poor performance 20%–47%, muscle

wastage 21%–46% and laminitis 32%–75%, of cases treated with pergo-

lide.78,81,84,85 One paper published more recently52 was identified, which

reported that pergolide treatment was significantly associated with

weight loss and a decrease in hypertrichosis score but had no effect on

muscle atrophy score or crest neck score. Thus, pergolide improves most

clinical signs associated with PPID in most animals. However, it should

be acknowledged that there was only one placebo-controlled study52

and many of the studies will have been influenced by co-interventions

such as management changes and complementary therapies and many

of the clinical signs improve with nonspecific treatments.

3.6.2 | In horses with PPID, does pergolide
treatment reduce basal ACTH concentrations or the
ACTH response (10 min) to TRH compared to no
treatment?

One systematic review was identified,4 which included 28 publica-

tions. The proportion of PPID cases demonstrating improvement in

plasma ACTH concentrations following pergolide treatment ranged

from 20% to 74%. Normalisation of plasma ACTH concentrations to

within nonseasonally adjusted reference intervals occurred in 58%–

71% of cases,81,86 while a decrease in plasma ACTH concentrations

was reported in 20%–54.8% of cases.21,78,87,88 One retrospective

study reportedly used seasonally adjusted reference intervals when

measuring improvement in ACTH concentration following pergolide

treatment, in which 28% of cases returned to within these intervals.87

The same study reported a ≥75% reduction in basal plasma ACTH con-

centrations in 54.8% of 2122 cases. Another retrospective study using

seasonally and geographically adjusted cut-off values reported normalisa-

tion of plasma ACTH concentrations in 44.4% of cases overall across

multiple repeat tests over a prolonged period.23 One study reported that

ACTH concentration returned to within reference intervals for 74% of

cases following pergolide treatment; however, only seasonally adjusted

clinical decision limits for initial diagnosis and no reference intervals used

for follow-up testing were reported.83 Two studies reported that ACTH

concentration did not significantly decrease in pergolide-treated cases

compared to non-treated PPID controls82 or pre-treatment values89 over

≥3 months. Conversely, one placebo-controlled trial did report signifi-

cantly lower plasma ACTH concentrations in pergolide-treated cases

over a similar time period.90 There was some evidence to suggest that a

prolonged time period or requirement for an increase in dose (from the

median starting dose of 0.002 mg/kg/day) may be needed to achieve a

satisfactory endocrine response.86,87,89,91,92

Three additional publications were identified which reported that

pergolide-treated horses had lower basal ACTH concentrations, but

ACTH response to TRH stimulation also improved in the non-

autumn,75 8 days after initiation of therapy,76 and improved in 88% of

cases and normalised in 24% of cases.77

Thus, the available evidence demonstrates that pergolide treat-

ment lowers basal ACTH concentrations and improves the ACTH

response to TRH stimulation in most animals.

3.6.3 | In horses with PPID, does compounded
pergolide or pergolide paste improves the clinical signs
or basal ACTH concentrations or the ACTH response to
TRH/reduce the side effects compared to pergolide
tablets?

No studies evaluated compounded pergolide; however, one abstract

reported that basal ACTH concentrations returned to within the

TABLE 10 Summary of key recommendations for pharmacological treatments and other treatment/management options.

Recommendations for pharmacological treatments and other treatment/management options

GRADE quality

of evidence

GRADE categorisation of

recommendation

Pergolide improves most clinical signs associated with PPID in most animals except laminitis. Moderate Strong

Pergolide treatment lowers basal ACTH concentrations and improves the ACTH response to

TRH stimulation in most animals.

Moderate Strong

Chasteberry may improve some clinical signs of PPID but there is no proven effect on ACTH and

there is no benefit to adding chasteberry to pergolide therapy.

Low Weak

Combination of cyproheptadine with pergolide is not superior to pergolide alone. Low Weak

Pergolide does not have harmful cardiac side effects in horses. Low Weak

Pergolide therapy does not affect ID. Moderate Weak

Abbreviations: ACTH, adrenocorticotropic hormone; GRADE, Grading of Recommendations, Assessment, Development and Evaluation; ID, insulin

dysregulation; PPID, pituitary pars intermedia dysfunction; TRH, thyrotropin-releasing hormone.
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reference interval in 14 of 19 (74%) cases treated with pergolide

paste.83 Thus, there is limited evidence to suggest that pergolide paste

is effective in the treatment of equine PPID; however, the prescribing

cascade should be adhered to.

3.6.4 | In infertile broodmares with high ACTH
concentrations but without outward signs of PPID,
does treatment with pergolide improve fertility
compared to no treatment?

No suitable publications were identified.

3.6.5 | In late-term broodmares with PPID, should
pergolide treatment be withheld to reduce the risk of
agalactia compared to continuing treatment?

No suitable publications were identified.

3.6.6 | In horses with PPID, do alternative therapies
such as Vitex agnus-castus alone or in combination with
pergolide reduce clinical signs or basal ACTH
concentrations or the ACTH response (10 min) to TRH
compared to pergolide alone or no treatment?

Two publications20,78 and one abstract22 were identified. In two stud-

ies, the clinical signs consistent with PPID were reported to improve

in horses treated with chasteberry (Vitex agnus-castus); however,

there was no significant difference in the improvement in the clinical

signs or basal ACTH between horses treated with pergolide in combi-

nation with chasteberry and those treated with pergolide in combina-

tion with a placebo. It should also be acknowledged that neither study

had an untreated control group, and both comprised small numbers of

animals and were reliant on owner assessment of improvement. In the

third study,78 clinical deterioration was observed in 13 of 14 cases

treated with Vitex agnus-castus and 9 of these animals were subse-

quently treated with pergolide. Thus, whilst there is conflicting evi-

dence related to the effect of chasteberry on clinical signs of PPID,

there is no proven effect on ACTH and there is no benefit to adding

chasteberry to pergolide therapy.

3.6.7 | In horses with PPID, does cyproheptadine in
combination with pergolide reduce clinical signs or
basal ACTH concentrations or the ACTH response
(10 min) to TRH compared to pergolide alone?

One relevant publication19 was identified, which reported that horse

owners felt that the response to treatment was greater in horses trea-

ted with a combination of pergolide and cyproheptadine (60%),

followed by pergolide (40%) or cyproheptadine (29%) alone; although

this difference was not statistically significant. Thus, there is no evi-

dence that combination therapy is superior to pergolide alone.

3.6.8 | In horses with PPID, does half-dose twice a
day administration of pergolide produce fewer side
effects and/or a better improvement in the clinical signs
or basal ACTH concentrations or the ACTH response to
TRH compared to the full dose once daily?

Whilst some pharmacokinetics studies suggested that the half-life of

pergolide is 6–12 h such that twice daily dosing may be more

appropriate,76,93 others suggest that once-daily dosing is likely to be

appropriate in most horses with PPID.89,94 However, there were no

relevant studies to address this question and the prescribing cascade

should be adhered to.

3.6.9 | In horses with PPID, are there effective
treatment options that can be used in pregnancy/
lactating horses/horses competing under rules?

No suitable publications were identified.

3.6.10 | In horses with PPID, does pergolide have
harmful cardiac effects?

Two relevant publications79,80 were identified. Treatment with pergo-

lide did not affect the ventricular function, induce valvular disease or

affect heart rate in response to exercise. Thus, there is no evidence

that pergolide has harmful cardiac side effects in horses.

3.6.11 | In horses with PPID whose clinical signs/
laboratory tests are stabilised on pergolide, does the
dose need to be altered?

No suitable publications were identified.

3.6.12 | In horses with PPID and ID, does treatment
with pergolide improve insulin sensitivity?

Five relevant papers52,75,81–83 were identified. Most studies failed to

identify improvements in insulin concentration in association with

pergolide treatment.75,81–83 However, in an experimental study in

which pergolide doses were adjusted monthly based on ACTH con-

centration over a 12-week period, fasting insulin concentrations were

reduced.52 Thus, the evidence suggests that pergolide does not affect

insulin sensitivity.
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3.6.13 | In horses with PPID and ID that are treated
with pergolide, is improvement in ID associated with
improvement in the clinical signs?

No suitable publications were identified.

3.7 | Monitoring pergolide-treated cases

In total, 21 publications23,75,76,81,84,86,87,89,90,95–105 were identified

that provided data on monitoring pergolide-treated cases (Table S6).

A summary of the key recommendations is presented in Table 11. An

improved outcome was considered as an owner-reported improve-

ment in clinical signs (improved clinical outcome) and/or return of

basal ACTH concentration or ACTH response to TRH to within the

seasonally adjusted reference range (improved endocrinological

outcome).

3.7.1 | In horses with PPID that are treated with
pergolide, is the monitoring of basal ACTH and altering
the dose of pergolide accordingly associated with an
improved outcome?

Six relevant papers23,75,77,84,86,87,95 were identified. An association

between reducing ACTH concentrations and improvement in hypertri-

chosis or lethargy but not laminitis was identified in a small case

series.84 Monitoring of ACTH concentrations over 5 years or more,

and adjusting pergolide doses based on the results, was associated

with a clinical improvement in virtually all animals despite endocrine

control only being established in around 60% of cases.85 Assessment

of ACTH concentrations and increasing the pergolide doses if sup-

pression is considered inadequate has been associated with good

rates of clinical improvement23,75,95; however, in the absence of a

control population, it is unknown if the act of monitoring ACTH con-

centration improved outcomes beyond the improvement that would

be seen without regular monitoring. In one large laboratory study,

increasing the dose of pergolide in response to ACTH results was not

associated with an improvement in ACTH concentration at the subse-

quent ACTH measurement87; however, the study was limited by

inconsistency in the data and has not been subjected to peer review.

It is unclear whether monitoring of ACTH concentrations and titrating

of pergolide doses accordingly is associated with improved endocrino-

logical or clinical outcomes, as appropriate studies have not been

performed.

3.7.2 | In horses with PPID that are treated with
pergolide, is the monitoring of ACTH response (10 and
30 min) to TRH associated with an improved outcome?

Three relevant studies75,77,87 were identified. Pergolide treatment is

associated with a reduction in the ACTH response to TRH in horses

with PPID,75,77,87 but it is unclear whether this is associated with

improved endocrinological or clinical outcomes as appropriate studies

have not been performed.

3.7.3 | In horses with PPID that are treated with
pergolide, is the monitoring of clinical signs associated
with an improved outcome?

Six relevant publications81,84,89,96–98 were identified. Clinical signs can

be used as an indicator for response to pergolide therapy,81,84,96–98

with rates of clinical improvement typically being higher than rates of

normalisation of endocrine test results.89 However, there are no

reports that allow the influence of clinical monitoring on prognosis to

be determined.

3.7.4 | In horses with PPID that are treated with
pergolide, is seasonal adjustment of pergolide doses
associated with improved outcomes?

Three relevant publications75,89,99 were identified. Administration of

pergolide to horses with PPID reduces the seasonal rise in ACTH con-

centration.75,99 There is no evidence that reducing this seasonal rise,

through maintaining or increasing the dose of pergolide, is associated

with an improved outcome. However, initiation of therapy at the

beginning of autumn did not result in improvement in ACTH concen-

tration or clinical signs until the commencement of winter, which may

indicate a need for more aggressive treatment through the autumn.89

TABLE 11 Summary of key recommendations for monitoring pergolide-treated cases.

Recommendations for monitoring of pergolide-treated cases

GRADE quality of

evidence

GRADE categorisation

of recommendation

Continue to monitor basal ACTH concentrations as an objective measure of PPID. Low Weak

Monitor clinical signs and adjust treatment accordingly. Low Weak

Endocrine responses can be assessed earlier than the 1–3 months that is typically used, to as

little as a week or even less.

Moderate Weak

Abbreviations: ACTH, adrenocorticotropic hormone; GRADE, Grading of Recommendations, Assessment, Development and Evaluation; PPID, pituitary

pars intermedia dysfunction.
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Thus, the evidence is very weak, but increasing pergolide concentra-

tions in the autumn may be beneficial.

3.7.5 | In horses with PPID that are treated with
pergolide, what is the optimal timing post initiation of
treatment to assess the endocrine response to
treatment?

Five relevant publications76,84,100–102 were identified. Following

the commencement of pergolide treatment, improvement in ACTH

concentration is expected within 1 month; all but one of 33 cases

improved within 1 month, with the remaining case improving by

3 months.100 In a small case series, eight of nine horses (88.9%)

showed clinical improvement within 14–35 days (average

22.75 days), and seven of those had ongoing improvement for 5–

52 weeks (average 21 weeks).84 Endocrine responses occur in

much less than a month; reductions in ACTH, α-melanocyte-

stimulating hormone, β-endorphin and corticotropin-like intermedi-

ate peptide were reported 48 h following a single dose of pergo-

lide101 and clinical cases showed a reduction in basal ACTH

concentrations within 7 days.102 In a small experimental study,

plasma ACTH concentration reduced significantly within 12 h of

pergolide administration, with further reductions occurring up to

10 days after the initiation of treatment76; alterations in the

response to TRH were identified at 8 days with no further change

being identified at 18 days. Thus, there is weak evidence to support

the 1- to 3-month follow-up that is typically recommended, and

there is evidence that follow-up endocrine testing can be per-

formed much earlier after initiation of treatment.

3.7.6 | In horses with PPID that are treated with
pergolide, what is the optimal timing of repeating basal
ACTH, ACTH response (10 and 30 min) to TRH or ID
testing in relation to pergolide treatment?

Two relevant publications76,103 were identified. Plasma pergolide

concentrations vary fourfold throughout the day in response to once-

daily dosing; however, this does not appear to affect ACTH concen-

tration.76,103 Thus, the timing of ACTH measurement in relation to

pergolide administration is unlikely to be clinically relevant.

3.7.7 | In horses with PPID that are treated with
pergolide, what time of year is best to assess clinical
and endocrine responses?

One relevant publication89 was identified. When pergolide therapy

was initiated in the autumn, ACTH concentrations did not improve

substantially until the winter.89 Assessment of ACTH concentration is

typically advocated in spring and autumn, and although this is logical,

there is no evidence that it is associated with improved outcomes.

3.7.8 | In horses with PPID that are treated with
pergolide, does owner compliance influence outcome?

One relevant publication104 was identified. In a study of 110 horses

on treatment with pergolide, only 48% of horses were receiving ≥90%

of the veterinarian's recommended dose of pergolide.104 Treatment

compliance by owners of horses 26 years or older was only 17%, and

of Shetland ponies, only 14%; however, control of ACTH concentra-

tion was no different between horses belonging to owners that were

compliant and noncompliant. Evidence is limited, but owner compli-

ance does not appear to affect basal ACTH concentrations, although

it is unclear whether it affects the clinical response to treatment.

3.7.9 | In horses with PPID that are treated with
pergolide, should faecal worm egg count be performed
more regularly than in non-PPID horses?

Two relevant publications90,105 were identified. In one study, horses with

clinical signs of PPID were found to have higher faecal worm egg count

(FWEC) both before and after pergolide treatment when compared with

healthy control groups.105 In another investigation, there was neither a

difference in worm egg excretion between horses with sub-clinical PPID

and controls nor a difference between pergolide and placebo-treated

horses.90 Evidence is very limited, however, horses with clinical signs of

PPID are likely to shed more nematode eggs than horses without clinical

signs of PPID. It is unclear whether this results in an increased risk of para-

sitic disease or whether there is a need for more frequent assessment of

FWECs.

3.7.10 | In horses with PPID that are treated with
pergolide, should markers of hepatic, renal or any other
organ dysfunction be monitored?

No suitable publications were identified.

3.8 | Risk of laminitis in animals with PPID

Nine relevant publications26,37,102,105–112 and one abstract113 were iden-

tified that were relevant to the risk of laminitis in animals with PPID

either with or without concurrent ID (Table S7). These studies revealed

that animals with PPID and hyperinsulinaemia appear to be at a higher

risk of laminitis than animals with PPID alone. However, any causal asso-

ciation between PPID and ID remains unclear and ACTH and signs of

PPID do not appear to be insulin-independent predictors of laminitis risk.

4 | SUMMARY

After considering the background question of identifying which ani-

mals should be tested for PPID, evidence summaries were collated
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and used to generate recommendations within four broad areas rele-

vant to the diagnosis and treatment of equine PPID.

With respect to case selection for diagnostic testing and diagnos-

tic test accuracy, the prevalence of PPID in equids aged ≥15 years is

between 21% and 27%; hypertrichosis or delayed/incomplete hair

coat shedding provides a high index of clinical suspicion for PPID; the

combination of clinical signs and age informs the index of clinical sus-

picion prior to diagnostic testing; the estimated pre-test probability of

PPID should be considered in the interpretation of diagnostic test

results; the pre-test probability of PPID is low in equids aged

<10 years; and both pre-test probability of disease and season of test-

ing have strong influence on the ability to diagnose PPID using basal

ACTH or ACTH after TRH stimulation. Thus, it should be remembered

that the risk of an FP result increases in situations where there is a

low pre-test probability, which could mean that treatment is initiated

for PPID without checking for a more likely alternative diagnosis. This

could compromise horse welfare due to the commencement of life-

long therapy and/or failing to identify and treat an alternative poten-

tially life-threatening condition.

With respect to the interpretation of diagnostic tests, there is a

significant effect of breed on plasma ACTH concentration, particularly

in the autumn, with markedly higher ACTH concentrations in some

but not all ‘thrifty’ breeds; basal and/or post-TRH ACTH concentra-

tions may also be affected by latitude/ location, diet/feeding, coat col-

our, critical illness, and trailer transport. Dynamic insulin testing and

TRH stimulation testing may be combined, but TRH stimulation test-

ing should not follow an OST. Pain may affect basal ACTH concentra-

tions and caution should be exercised when considering diagnostic

testing for equids in moderate to severe pain. Determining

diagnostic thresholds that allow for all possible contributory factors is

not practical and equivocal ranges are advised. Equids with PPID and

hyperinsulinaemia appear to be at higher risk of laminitis, but ACTH

and PPID do not appear to be not insulin-independent predictors of

laminitis risk.

With respect to pharmacologic treatments and other treatment/

management options, pergolide improves most clinical signs associ-

ated with PPID in the majority of affected animals; pergolide treat-

ment lowers basal ACTH concentrations and improves the ACTH

response to TRH in many animals, but measures of ID are not altered;

chasteberry may improve some clinical signs of PPID but there is no

effect on ACTH concentrations and no benefit to adding chasteberry

to pergolide therapy; combination of cyproheptadine with pergolide is

not superior to pergolide alone; and there is no evidence that pergo-

lide has adverse cardiac effects in horses or improves insulin

sensitivity.

With respect to monitoring pergolide-treated cases, hormone

assays provide a crude indication of pituitary control in response to

pergolide therapy; however, it is unknown whether monitoring of

ACTH concentrations and titrating of pergolide doses accordingly is

associated with improved endocrinological or clinical outcome; it

is unknown whether monitoring the ACTH response to TRH or clinical

signs is associated with an improved outcome; there is very weak evi-

dence to suggest that increasing pergolide dose in autumn months

may be beneficial; there is little advantage in waiting for more than a

month to perform follow-up endocrine testing following initiation of

pergolide therapy and there may be merit in performing repeat tests

sooner; the timing of sampling in relation to pergolide dosing does not

confound measurement of ACTH concentration; there is no evidence

that measurement of ACTH at certain times of the year is associated

with improved outcomes; compliance with PPID treatment appears to

be poor and it is unclear whether this influences clinical outcome;

horses with clinical signs of PPID are likely to shed more nematode

eggs than horses which do not, but it is unclear whether this results in

an increased risk of parasitic disease or whether there is a need for

more frequent assessment of FWECs.

Most of the recommendations are based on a small number of

studies which included small numbers of animals with PPID. This evi-

dence review has highlighted the need for high-quality evidence in

the veterinary literature across all areas of the diagnosis and treat-

ment of PPID, and the findings of this study should be incorporated

into evidence-based veterinary practice and considered against each

individual case to determine the optimal diagnostic tests and

treatment.

AUTHOR CONTRIBUTIONS

All authors contributed to the generation of clinical questions, the

study design and evidence appraisal. The involvement of each author

for each topic is provided in Tables S1–S7. All authors contributed to,

reviewed, and approved the final recommendations, and the final

paper for submission.

FUNDING INFORMATION

Not applicable

CONFLICT OF INTEREST STATEMENT

Nicola Menzies-Gow has previously served as a consultant for

and received payments for educational material from Boehringer

Ingelheim. Heidi E. Banse has previously served as a consultant

for and received research funding from Boehringer Ingelheim Ani-

mal Health. Joanne L. Ireland has previously received research

funding and payments for CPD material from Boehringer Ingel-

heim. Edward J. Knowles is employed by CVS UK Ltd and pro-

vides clinical diagnostic services through Axiom Veterinary

Laboratory. He has received payments from Boehringer Ingelheim

for educational material. David Rendle acts as a consultant to

companies that perform laboratory testing for PPID and manufac-

ture or distribute treatments for PPID. Other authors declare no

conflict of interest.

PEER REVIEW

The peer review history for this article is available at https://www.

webofscience.com/api/gateway/wos/peer-review/10.1111/evj.14009.

DATA AVAILABILITY STATEMENT

Data sharing is not applicable to this article as no new data were cre-

ated or analysed in this study.

MENZIES-GOW ET AL. 19

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/evj.14009
https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/evj.14009


ETHICAL ANIMAL RESEARCH

Not applicable.

INFORMED CONSENT

Not applicable.

ORCID

Nicola J. Menzies-Gow https://orcid.org/0000-0002-3803-8069

Heidi E. Banse https://orcid.org/0000-0002-0120-0376

Edward J. Knowles https://orcid.org/0000-0001-9440-6105

David Rendle https://orcid.org/0000-0001-6943-6425

REFERENCES

1. McGowan TW, Pinchbeck GP, McGowan CM. Prevalence, risk

factors and clinical signs predictive for equine pituitary pars

intermedia dysfunction in aged horses. Equine Vet J. 2013;45:

74–9.
2. Tatum RC, McGowan CM, Ireland JL. Evaluation of the sensitivity

and specificity of basal plasma adrenocorticotrophic hormone con-

centration for diagnosing pituitary pars intermedia dysfunction in

horses: a systematic review. Vet J. 2021;275:105695.

3. Meyer JC, Hunyadi LM, Ordonez-Mena JM. The accuracy of ACTH

as a biomarker for pituitary pars intermedia dysfunction in horses: a

systematic review and meta-analysis. Equine Vet J. 2022;54:

457–66.
4. Tatum RC, McGowan CM, Ireland JL. Efficacy of pergolide for the

management of equine pituitary pars intermedia dysfunction: a sys-

tematic review. Vet J. 2020;266:105562.

5. Patel GW, Roderman N, Gehring H, Saad J, Bartek W. Assessing the

effect of the surviving sepsis campaign treatment guidelines on clini-

cal outcomes in a community hospital. Ann Pharmacother. 2010;44:

1733–8.
6. Woolf S, Schunemann HJ, Eccles MP, Grimshaw JM, Shekelle P.

Developing clinical practice guidelines: types of evidence and

outcomes; values and economics, synthesis, grading, and presen-

tation and deriving recommendations. Implement Sci. 2012;7:61.

7. Bowen IM, Redpath A, Dugdale A, Burford JH, Lloyd D, Watson T,

et al. BEVA primary care clinical guidelines: analgesia. Equine Vet J.

2020;52:13–27.
8. Freeman SL, Ashton NM, Elce YA, Hammond A, Hollis AR, Quinn G.

BEVA primary care clinical guidelines: wound management in the

horse. Equine Vet J. 2021;53:18–29.
9. Guyatt GH, Oxman AD, Kunz R, Atkins D, Brozek J, Vist G, et al.

GRADE guidelines: 2. Framing the question and deciding on impor-

tant outcomes. J Clin Epidemiol. 2011;64:395–400.
10. Schunemann H, Brozek J, Guyatt G, Oxman A (editors) Handbook

for grading the quality of evidence and strength of recommenda-

tions using the GRADE approach (updated October 2013). GRADE

working group, 2013. Available from gdt.guidelinedevelopment.org/

app/handbook/handbook.html

11. Grindlay DJ, Brennan ML, Dean RS. Searching the veterinary lit-

erature: a comparison of the coverage of veterinary journals by

nine bibliographic databases. J Vet Med Educ. 2012;39:404–12.
12. Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J, et al. GRADE

guidelines: 1. Introduction—GRADE evidence profiles and summary

of findings tables. J Clin Epidemiol. 2011;64:383–94.
13. What is GRADE. BMJ best practice. BMJ; 2023. www.bestpractice.

bmj.com/toolkit/learn-ebm/what-is-grade/

14. Erdody M, Galinelli N, Bamford NJ, Mackensie S, Warnken T,

Harris PA, et al. Plasma immunoreactive β-endorphin concentrations

and spontaneous blink rate as an index of stresss, measured in a

population of aged horses and ponies with and without PPID. 5th

Global Equine Endocrine Symposium. Bern, Switzerland: National

Horse Center; 2023.

15. Hsu J, Brozek JL, Terracciano L, Kreis J, Compalati E, Stein AT, et al.

Application of GRADE: making evidence-based recommendations

about diagnostic tests in clinical practice guidelines. Implement Sci.

2011;6:62.

16. Hotchkiss JW, Reid SW, Christley R. Construction and validation of

a risk-screening questionnaire for the investigation of recurrent air-

way obstruction in epidemiological studies of horse populations in

Great Britain. Prev Vet Med. 2006;75:8–21.
17. Ireland JL, McGowan CM. Epidemiology of pituitary pars intermedia

dysfunction: a systematic literature review of clinical presentation,

disease prevalence and risk factors. Vet J. 2018;235:22–33.
18. Love S. Equine Cushing's disease. Br Vet J. 1993;149:139–53.
19. Rohrbach BW, Stafford JR, Clermont RS, Reed SM, Schott HC 2nd,

Andrews FM. Diagnostic frequency, response to therapy, and

long-term prognosis among horses and ponies with pituitary par

intermedia dysfunction, 1993-2004. J Vet Intern Med. 2012;26:

1027–34.
20. Bradaric Z, May A, Gehlen H. Use of the chasteberry preparation

Corticosal® for the treatment of pituitary pars intermedia dysfunc-

tion in horses. Pferdeheilkunde. 2013;29:721–8.
21. Dunkel B, Wilford SA, Parkinson NJ, Ward C, Smith P, Grahame L,

et al. Severe hypertriglyceridaemia in horses and ponies with endo-

crine disorders. Equine Vet J. 2014;46:118–22.
22. Schramm E, Schwarz A, Alber H, Alber G. Effects of the

multi-compound complex in Corticosal® in 177 horses with PPID in

a retrospective veterinary questionnaire analysis in Germany. Pfer-

deheilkunde. 2018;34:538–49.
23. Horn R, Bamford NJ, Afonso T, Sutherland M, Buckerfield J,

Tan RHH, et al. Factors associated with survival, laminitis and insulin

dysregulation in horses diagnosed with equine pituitary pars inter-

media dysfunction. Equine Vet J. 2019;51:440–5.
24. Christiansen A. Prevalence of equine Cushing's syndrome among

older horses in southern Vestsjælland. Denmark Dansk Veterinær-
tidsskrift. 2009;92:24–9.

25. Nanao Y, Ueno T. Two cases of equine Cushing's disease in thor-

oughbred mares. J Jpn Vet Med Assoc. 2012;65:771–5.
26. Tadros EM, Fowlie JG, Refsal KR, Marteniuk J, Schott HC 2nd. Asso-

ciation between hyperinsulinaemia and laminitis severity at the time

of pituitary pars intermedia dysfunction diagnosis. Equine Vet J.

2019;51:52–6.
27. Kirkwood NC, Hughes KJ, Stewart AJ. Prospective case series of

clinical signs and adrenocorticotrophin (ACTH) concentrations in

seven horses transitioning to pituitary pars intermedia dysfunction

(PPID). Vet Sci. 2022;9(10):572.

28. Tsuchiya T, Noda R, Ikeda H, Maeda M, Sato F. Relationship

between endogenous plasma adrenocorticotropic hormone concen-

tration and reproductive performance in thoroughbred broodmares.

J Vet Intern Med. 2021;35:2002–8.
29. Nitzsche AM, Fey K, Buttner K, Grof M, Staszyk C. The gingiva of

horses with pituitary pars intermedia dysfunction: a macroscopic

anatomical evaluation. Front Vet Sci. 2021;8:786971.

30. Grubbs ST, Neal DL, Keefe DJ. Development and evaluation of a

clinical sign scoring system for pituitary pars intermedia dysfunction

in horses. 4th Global Equine Endocrine Symposium. Gut Ising,

Germany: Boehringer Ingelheim; 2020.

31. Durham AE, Clarke BR, Potier JFN, Hammarstrand R, Malone GL.

Clinically and temporally specific diagnostic thresholds for plasma

ACTH in the horse. Equine Vet J. 2021;53:250–60.
32. Erdody M, Mackenzie S, Galinelli N, Bamford NJ, Warnken T,

Sillence MN, et al. Muscle atrophy scores in a population of aged

horses and ponies with and without PPID. 5th Global Equine Endo-

crine Symposium. Bern, Switzerland: National Horse Center;

2023. p. 27.

20 MENZIES-GOW ET AL.

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

https://orcid.org/0000-0002-3803-8069
https://orcid.org/0000-0002-3803-8069
https://orcid.org/0000-0002-0120-0376
https://orcid.org/0000-0002-0120-0376
https://orcid.org/0000-0001-9440-6105
https://orcid.org/0000-0001-9440-6105
https://orcid.org/0000-0001-6943-6425
https://orcid.org/0000-0001-6943-6425
https://gdt.gradepro.org/app/handbook/handbook.html
https://gdt.gradepro.org/app/handbook/handbook.html
http://www.bestpractice.bmj.com/toolkit/learn-ebm/what-is-grade/
http://www.bestpractice.bmj.com/toolkit/learn-ebm/what-is-grade/


33. Miller MA, Moore GE, Bertin FR, Kritchevsky JE. What's new in old

horses? Postmortem diagnoses in mature and aged equids. Vet

Pathol. 2016;53:390–8.
34. Welsh CE, Duz M, Parkin TDH, Marshall JF. Prevalence, survival

analysis and multimorbidity of chronic diseases in the general

veterinarian-attended horse population of the UK. Prev Vet Med.

2016;131:137–45.
35. Steel NL, Ireland JL, McGowan CM. Management of pituitary pars

intermedia dysfunction in practice: A clinical audit. Vet J. 2022;289:

105899.

36. Donaldson MT, Jorgensen AJ, Beech J. Evaluation of suspected pitu-

itary pars intermedia dysfunction in horses with laminitis. J Am Vet

Med Assoc. 2004;224:1123–7.
37. Karikoski NP, Horn I, McGowan TW, McGowan CM. The prevalence

of endocrinopathic laminitis among horses presented for laminitis at

a first-opinion/referral equine hospital. Domest Anim Endocrinol.

2011;41:111–7.
38. van Proosdij R, Frietman S. Retrospective analysis of cause-of-death

at an equine retirement Center in The Netherlands over an eight-

year period. J Equine Vet. 2022;110:103824.

39. Christen G, Precht C, van der Kolk J, Fouche N, Gerber V. Age over

25 years, but not plasma adrenocorticotropic hormone concentra-

tion above the seasonally adjusted reference range is predictive for

radio-graphically assessed changes of chronic laminitis in elderly

horses. Schweiz Arch Tierheilkd. 2020;162:781–5.
40. Miller MA, Pardo ID, Jackson LP, Moore GE, Sojka JE. Correlation of

pituitary histomorphometry with adrenocorticotrophic hormone

response to domperidone administration in the diagnosis of equine

pituitary pars intermedia dysfunction. Vet Pathol. 2008;45:26–38.
41. Horn R, Stewart AJ, Jackson KV, Dryburgh EL, Medina-Torres CE,

Bertin FR. Clinical implications of using adrenocorticotropic hor-

mone diagnostic cutoffs or reference intervals to diagnose pituitary

pars intermedia dysfunction in mature horses. J Vet Intern Med.

2021;35:560–70.
42. McFarlane D, Paradis MR, Zimmel D, Sykes B, Brorsen BW,

Sanchez A, et al. The effect of geographic location, breed, and pitui-

tary dysfunction on seasonal adrenocorticotropin and alpha-

melanocyte-stimulating hormone plasma concentrations in horses.

J Vet Intern Med. 2011;25:872–81.
43. Haffner JC, Hoffman RM, Grubbs ST, Shepard KN, Neal DL,

Pearce GL. The thyrotropin releasing hormone procedure produces

repeatable ACTH concentrations in PPID-negative and PPID-

positive horses. 66th Annual Convention of the American Associa-

tion of Equine Practitioners. Las Vegas, NV: American Association of

Equine Practitioners; 2020. p. 303–7.
44. Jacob S, Geor R, Weber P, Harris P, McCue M. Effect of dietary car-

bohydrates and time of year on ACTH and cortisol concentrations in

adult and aged horses. Domest Anim Endocrinol. 2018;63:15–22.
45. Restifo MM, Frank N, Hermida P, Sanchez-Londono A. Effects of

withholding feed on thyrotropin-releasing hormone stimulation test

results and effects of combined testing on oral sugar test and

thyrotropin-releasing hormone stimulation test results in horses.

Am J Vet Res. 2016;77:738–48.
46. De Castro ED, Lopez I, Cortes B, Pineda C, Garfia B, Aguilera-

Tejero E. Influence of feeding status, time of the day, and season on

baseline adrenocorticotropic hormone and the response to thyrotro-

pin releasing hormone-stimulation test in healthy horses. Domest

Anim Endocrinol. 2014;48:77–83.
47. Kam YN, McKenzie K, Coyle M, Bertin FR. Repeatability of a

thyrotropin-releasing hormone stimulation test for diagnosis of pitu-

itary pars intermedia dysfunction in mature horses. J Vet Intern

Med. 2021;35:2885–90.
48. Goodale L, Frank N, Hermida P, D'Oench S. Evaluation of a

thyrotropin-releasing hormone solution stored at room temperature

for pituitary pars intermedia dysfunction testing in horses. Am J Vet

Res. 2015;76:437–44.
49. Vaughn SA, Norton NA, Hart KA. Circulating hypothalamic-

pituitary-adrenal axis hormones and insulin concentrations in horses

and ponies. J Equine Vet. 2022;111:103810.

50. Bamford N, Harris P, Bailey S. Circannual variation in plasma adreno-

corticotropic hormone concentrations and dexamethasone suppres-

sion test results in Standardbred horses, Andalusian horses and

mixed-breed ponies. Aust Vet J. 2020;98:616–21.
51. McFarlane D, Paradis M, Zimmel D, Sykes B, Brorsen B, Sanchez A,

et al. The effect of geographic location, breed, and pituitary dysfunc-

tion on seasonal adrenocorticotropin and α-melanocyte-stimulating

hormone plasma concentrations in horses. J Vet Intern Med. 2011;

25:872–81.
52. Banse HE, Whitehead AE, McFarlane D, Chelikani PK. Markers of

muscle atrophy and impact of treatment with pergolide in horses

with pituitary pars intermedia dysfunction and muscle atrophy.

Domest Anim Endocrinol. 2021;76:106620.

53. Fouché N, van der Kolk J, Bruckmaier R, Luz I, Foerster G, Gerber V.

Venipuncture does not affect adrenocorticotropic hormone concen-

tration in horses. Vet Rec. 2015;177:223.

54. Gehlen H, Jaburg N, Merle R, Winter J. Can endocrine dysfunction

be reliably tested in aged horses that are experiencing pain? Animals.

2020;10:1426.

55. Durham AE, Potier J, Huber L. The effect of month and breed on

plasma adrenocorticotropic hormone concentrations in equids. Vet

J. 2022;286:105857.

56. Byrne D, Secombe C, Tan R, Perera D, Watts S, Wearn J. Circannual

variability in adrenocorticotropic hormone responses to administra-

tion of thyrotropin-releasing hormone in clinically normal horses in

Australia. Vet J. 2018;238:58–62.
57. Secombe C, Tan R, Perara D, Byrne D, Watts S, Wearn J. The effect

of geographic location on circannual adrenocorticotropic hormone

plasma concentrations in horses in Australia. J Vet Intern Med.

2017;31:1533–40.
58. Fisher D, Schliewert E, Hooijberg E. Temporally specific adrenocorti-

cotropic hormone reference intervals for horses in South Africa. J S

Afr Vet Assoc. 2022;93:116–23.
59. Horn R, Bertin FR. Evaluation of combined testing to simultaneously

diagnose pituitary pars intermedia dysfunction and insulin dysregula-

tion in horses. J Vet Intern Med. 2019;33:2249–56.
60. Ayala I, Martos NF, Silvan G, Gutierrez-Panizo C, Clavel JG, Illera JC.

Cortisol, adrenocorticotropic hormone, serotonin, adrenaline and

noradrenaline serum concentrations in relation to disease and stress

in the horse. Res Vet Sci. 2012;93:103–7.
61. Hada T, Onaka T, Takahashi T, Hiraga A, Yagi K. Effects of novelty

stress on neuroendocrine activities and running performance in

thoroughbred horses. J Neuroendocrinol. 2003;15:638–48.
62. Fazio E, Medica P, Aronica V, Grasso L, Ferlazzo A. Circulating

β-endorphin, adrenocorticotrophic hormone and cortisol levels of

stallions before and after short road transport: stress effect of differ-

ent distances. Acta Vet Scand. 2008;50:6.

63. Hodson NP, Wright JA, Hunt J. The sympatho-adrenal system and

plasma levels of adrenocorticotropic hormone, cortisol and catechol-

amines in equine grass sickness. Vet Rec. 1986;118:148–50.
64. Fazio E, Medica P, Cravana C, Aveni F, Ferlazzo A. Comparative

endocrinological responses to short transportation of Equidae (Equus

asinus and Equus caballus). Anim Sci J. 2013;84:258–63.
65. Fazio E, Medica P, Cravana C, Ferlazzo AA. Pituitary-adrenocortical

adjustments to transport stress in horses with previous different

handling and transport conditions. Vet World. 2016;9:856–61.
66. Stewart AJ, Hackett E, Bertin FR, Towns TJ. Cortisol and adrenocor-

ticotropic hormone concentrations in horses with systemic inflam-

matory response syndrome. J Vet Intern Med. 2019;33:2257–66.

MENZIES-GOW ET AL. 21

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�



67. Cayado P, Munoz-Escassi B, Dominguez C, Manley W, Olabarri B,

Sanchez de la Muela M, et al. Hormone response to training and

competition in athletic horses. Equine Vet J. 2006;38(S36):274–8.
68. Haffner JC, Grubbs SG. The effect of trailering on thyrotropin

releasing hormone stimulation of adrenocorticotropic hormone con-

centration in horses. 5th Global Equine Endocrine Symposium. Bern,

Switzerland: National Horse Center; 2023. p. 17–8.
69. Haffner JC, Hoffman RM, Grubbs SG. A combined TRH–insulin pro-

cedure identifies pituitary pars intermedia dysfunction and insulin

dysregulation in horses. 5th Global Equine Endocrinology Sympo-

sium. Bern, Switzerland: National Horse Center; 2023.

70. Fredrick J, McFarlane D, Yang F. ACTH releasing following TRH

stimulation in thrifty horses compared to metabolically normal

horses. Nashville, TN: ACVIM Forum. 2014.

71. Durham AE. Is equine pituitary pars intermedia activity subdued in

the spring? Dorothy Havemeyer Foundation Equine Endocrinology

Summit, Miami, FL. 2017.

72. Haffner JC, Hoffman RM, Grubbs ST. The effect of trailering and

dentistry on resting adrenocorticotrophic hormone concentrations

in horses. 4th Global Equine Endocrine Symposium. Gut Ising,

Germany: Boehringer Ingelheim; 2020.

73. Potier J, Durham AE. The effect of latitude and breed on circannual

ACTH concentrations in the UK. 4th Global Equine Endocrine Sym-

posium. Gut Ising, Germany: Boehringer Ingelheim; 2020.

74. Durham A, Shreeve H. Horse-factors influencing the seasonal

increase in plasma ACTH secretion. Dorothy Havemeyer Equine

Endocrine Summit. Coral Gables, FL. 2017.

75. Miller AB, Loynachan AT, Bush HM, Hart KA, Barker VD, Campana-

Emard AG, et al. Effects of pituitary pars intermedia dysfunction and

Prascend (pergolide tablets) treatment on endocrine and immune

function in horses. Domest Anim Endocrinol. 2021;74:106531.

76. Rendle DI, Doran G, Ireland J, Edwards S. Pharmacokinetics and

pharmacodynamics of pergolide mesylate after oral administration in

horses with pituitary pars intermedia dysfunction. Domest Anim

Endocrinol. 2019;68:135–41.
77. Durham AE. The effect of pergolide mesylate on adrenocorticotro-

phic hormone responses to exogenous thyrotropin releasing hor-

mone in horses. Vet J. 2022;285:105831.

78. Beech J. Comparison of Vitex agnus castus extract and pergolide in

treatment of equine Cushing's syndrome. Proc Am Assoc Equine

Pract. 2002;48:175–7.
79. Gehlen H, Fisch J, Merle R, Trachsel DS. Preliminary study on the

effects of pergolide on left ventricular function in the horses with

pituitary pars intermedia dysfunction. J Vet Sci. 2021;22:e64.

80. Arana-Valencia N, Thompson DL, Oberhaus EL. Dopaminergic and

Antidopaminergic effects on heart rate in healthy horses when chal-

lenged with brief 2-minute exercise bouts. J Equine Vet. 2018;71:

120–8.
81. Donaldson MT, LaMonte BH, Morresey P, Smith G, Beech J. Treat-

ment with pergolide or cyproheptadine of pituitary pars intermedia

dysfunction (equine Cushing's disease). J Vet Intern Med. 2002;16:

742–6.
82. Gehlen H, May A, Bradaric Z. Comparison of insulin and glucose

metabolism in horses with pituitary pars intermedia dysfunction

treated versus not treated with Pergolide. J Equine Vet. 2014;34:

508–13.
83. Rendle DI, Frost R, Byrne A. Efficacy of a novel palatable pergolide

paste formulation for the treatment of pituitary pars intermedia dys-

function (PPID) in ponies. Equine Vet J. 2018;50:16.

84. Perkins GA, Lamb S, Erb HN, Schanbacher B, Nydam DV,

Divers TJ. Plasma adrenocorticotropin (ACTH) concentrations

and clinical response in horses treated for equine Cushing's dis-

ease with cyproheptadine or pergolide. Equine Vet J. 2002;34:

679–85.

85. Pongratz MC, Graubner C, Eser MW. Equine Cushing's syndrome:

long-term effect of Pergolide therapy. Pferdeheilkunde. 2010;26:

598–603.
86. Schott H, Rapson J, Marteniuk J, Wisner S. Long-term response of

equids with pituitary pars intermedia dysfunction to treatment with

pergolide. Proc Am Assoc Equine Pract. 2014;60:329.

87. Rendle DI, Taylor E, Duz M, Parkin TD, Copas VEN, Durham AE.

Effects of pergolide mesylate on plasma adrenocorticotropic hor-

mone concentration in horses with pituitary pars intermedia dys-

function. Equine Vet J. 2013;45:19.

88. Froin HR, Assmann G, Hoppen HO. Effective long-term treatment of

equine pituitary pars intermedia adenomas with dopamine agonist.

Exp Clin Endocrinol Diabetes. 1998;106:23.

89. McFarlane D, Banse H, Knych HK, Maxwell LK. Pharmacokinetic

and pharmacodynamic properties of pergolide mesylate following

long-term administration to horses with pituitary pars intermedia

dysfunction. J Vet Pharmacol Ther. 2017;40:158–64.
90. Christen G, Gerber V, van der Kolk JH, Frey CF, Fouche N. Fecal

strongyle egg counts in horses with suspected pre-clinical pituitary

pars intermedia dysfunction before and after treatment with pergo-

lide. Vet J. 2018;235:60–2.
91. Williams PD. Equine Cushing's syndrome—retrospective study of

twenty four cases and response to medication. Proceedings of Brit-

ish Equine Veterinary Association Congress. 1995.

92. Spelta CW, Axon JE. Case series of equine pituitary pars intermedia

dysfunction in a tropical climate. Aust Vet J. 2012;90:451–6.
93. Rendle DI, Hughes KJ, Doran GS, Edwards SH. Pharmacokinetics of

pergolide after intravenous administration to horses. Am J Vet Res.

2015;76:155–60.
94. Gehring R, Beard L, Wright A, Coetzee J, Havel J, Apley M. Single-

dose oral pharmacokinetics of pergolide mesylate in healthy adult

mares. Vet Ther. 2010;11:E1–8.
95. Anon. Prascend Freedom of Information Summary. 2011.

96. Schott HC, Coursen CL, Eberhart SW, Nachreiner RJ, Refsal KR,

Ewart SL, et al. The Michigan Cushing's project. American Associa-

tion of Equine Practitioners. 2001.

97. Peters D, Erfle J, Slobojan GT. Low-dose pergolide mesylate treat-

ment for equine hypophyseal adenomas (Cushing's syndrome). Pro-

ceedings of the American Association of Equine Practitioners,

Lexington, KY. 1995.

98. Munoz MC, Doreste F, Ferrer O, Gonzalez J, Montoya JA. Pergolide

treatment for Cushing's syndrome in a horse. Vet Rec. 1996;139:41–3.
99. Beech J, Boston RC, McFarlane D, Lindborg S. Evaluation of plasma

ACTH, alpha-melanocyte-stimulating hormone, and insulin concen-

trations during various photoperiods in clinically normal horses and

ponies and those with pituitary pars intermedia dysfunction. J Am

Vet Med Assoc. 2009;235:715–22.
100. Copas VE, Durham AE. Circannual variation in plasma adrenocorti-

cotropic hormone concentrations in the UK in normal horses and

ponies, and those with pituitary pars intermedia dysfunction. Equine

Vet J. 2012;44:440–3.
101. Orth DN, Holscher MA, Wilson MG, Nicholson WE, Plue RE,

Mount CD. Equine Cushing's disease: plasma immunoreactive proo-

piolipomelanocortin peptide and cortisol levels basally and in

response to diagnostic tests. Endocrinology. 1982;110:1430–41.
102. Walsh DM, McGowan CM, McGowan T, Lamb SV, Schanbacher BJ,

Place NJ. Correlation of plasma insulin concentration with laminitis

score in a field study of equine Cushing's disease and equine meta-

bolic syndrome. J Equine Vet. 2009;29:87–94.
103. Lee ZY, Zylstra R, Haritou SJ. The use of adrenocorticotrophic hor-

mone as a potential biomarker of pituitary pars intermedia dysfunc-

tion in horses. Vet J. 2010;185:58–61.
104. Hague N, Durham AE, Menzies-Gow NJ. The effect of pergolide

dosing compliance on the laboratory control of pituitary pars

22 MENZIES-GOW ET AL.

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�



intermedia dysfunction. In: 4th Global Equine Endocrine Sympo-

sium. Gut Ising, Germany: Boehringer Ingelheim; 2020.

105. McFarlane D, Hale GM, Johnson EM, Maxwell LK. Fecal egg counts

after anthelmintic administration to aged horses and horses with

pituitary pars intermedia dysfunction. J Am Vet Med Assoc. 2010;

236:330–4.
106. de Laat MA, Reiche DB, Sillence MN, McGree JM. Incidence and risk

factors for recurrence of endocrinopathic laminitis in horses. J Vet

Intern Med. 2019;33:1473–82.
107. de Laat MA, Sillence MN, Reiche DB. Phenotypic, hormonal, and

clinical characteristics of equine endocrinopathic laminitis. J Vet

Intern Med. 2019;33:1456–63.
108. Meier A, de Laat M, Reiche D, Pollitt C, Walsh D, McGree J, et al.

The oral glucose test predicts laminitis risk in ponies fed a diet high

in nonstructural carbohydrates. Domest Anim Endocrinol. 2018;63:

1–9.
109. Knowles EJ, Elliott J, Harris PA, Chang YM, Menzies-Gow NJ. Pre-

dictors of laminitis development in a cohort of nonlaminitic ponies.

Equine Vet J. 2023;55:12–23.
110. Karikoski N, Patterson-Kane J, Singer E, McFarlane D, McGowan C.

Lamellar pathology in horses with pituitary pars intermedia dysfunc-

tion. Equine Vet J. 2016;48:472–8.
111. Carter RA, Treiber K, Geor R, Douglass L, Harris PA. Prediction of

incipient pasture-associated laminitis from hyperinsulinaemia,

hyperleptinaemia and generalised and localised obesity in a cohort

of ponies. Equine Vet J. 2009;41:171–8.
112. Klinkhamer K, Menheere PP, van der Kolk JH. Basal glucose metab-

olism and peripheral insulin sensitivity in equine pituitary pars inter-

media dysfunction. Vet Q. 2011;31:19–28.
113. Potier J, Durham A. Association between ACTH, insulin, glucose,

and triglycerides with laminitis in PPID. 4th Global Equine Endo-

crine Symposium. Gut Ising, Germany: Boehringer Ingelheim;

2020.

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.
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