Research priorities, horse owner perceptions and
practices regarding management and treatment for

pituitary pars intermediadysfunction (PPID)

Thesis submitted in accordance with the requirement of the University of Liverpool for the

degree of Doctor in Philosophy
By

Rebecca Charlotte Tatum

(&4 UNIVERSITY OF

&7 LIVERPOOL

January 2021



| declare that the thesis has been composed by myself and that the work has not be
submitted for any other degree or professional qualification. | confirm that the work
submitted is my own, this includes study design, data analysis and interpretation, and
preparation of the manuscript, except where otherwise indicated or where work which has

formed part of jointly -authored publications has been included.

Rebecca Tatum



Contents

Abstract
Acknowledgments
Preface
CHAPTER 1

Thesis objectives

CHAPTER 2

Appendices to chapter 2
CHAPTER 3

Appendices to chapter 3
CHAPTER 4

Appendices to chapter 4
CHAPTERS

Appendices to chapter 5
CHAPTER 6

Appendices to chapter 6
CHAPTER 7

Appendices to chapter 7
CHAPTER 8

Reference list

Table of Contents

General introduction

Equine pituitary pars intermedia dysfunction: Identifying
research priorities for diagnosis, treatment and progisos
through a priority setting partnership

Evaluation of the sensitivity and specificity of basal plasma
adrenocorticotrophic hormone concentration for diagnosing
pituitary pars intermedia dysfunction in horses: a systemati
review

Efficacy of pergolide for the management of equine pituitar
pars intermedia dysfunction: A systematic review

A crosssectional study of horses diagnosed with pituitary pe
intermediadysfunction in the United Kingdom: Demographi
management practices and factors associated with quality -
life

A prospective cohort study of horses diagnosed with pituita
pars intermediadysfunction in the United Kingdom

Factors influencing owner decision making regarding the
management and treatment ghtuitary pars intermedia
dysfunction (PPID)

Overall discussion

Page

7-25
26

27-49

50-66
67-90

91-113
114141

142-184
185213

214239
240264

265282
283320

321-327
328-338
339-384



Abstract

Older horses now make up a significant proportion of the equine population, meaning that
geriatric medicine is increasingly important. Pituitary pars intermedia dysfunction (PPID)is a
progressive disease prevalentin older horses, however, studies investgating diagnosis,
treatment and prognosis are limited. The evidence base needs to be built o n to inform
management and treatment approaches and improve quality of life (QoL) of horses with
PPID. The aims of this thesis were to i) identify and prioritise ke y research questions
regarding PPID; ii) investigate management, health care and treatment s trategies
undertaken by owners iii) understand owner perceptions of treatment and QoL. A four -
phase mixed methods approach was applied. Phase one used patient and public involvement
(PPI), to prioritise the top 10 unanswered research questions for PPID. The questions
focused on disease progression, diagnostic accuracy, treatment efficacy and additional
management/treatment strategies. Literature on PPID diagnosis and treatment was
subsequently evaluated in two systematic reviews, which highlighted the lack of high-quality
evidence regarding current protocols. Phase two comprised a crosssectional questionnaire
to evaluate management and treatment strategies undertake n by 374 participating owners
of PPID cases. Most horses were treated with pergolide (86.9%), while 17.4% received an
alternative/complementary treatment. Pergolide had a higher efficacy rating compared to
alternative/complementary treatments (p<0.001). PP ID cases were perceived to have a very
good QoL (median rating 9/10). Pergolide treatment wa s associated with an improvement in
QoL rating since diagnosis (p=0.002). Phase three built onthe cross-sectional data in a
prospective cohort, using follow-up telephone questionnaires to describe changes over time.
A subset of 72 horses were enrolled, contributing a total of 53.4 horse -years at risk (HYAR),
with a median duration of follow -up of 330.7 days. For horses receiving pergolide (n=55),
the dose remained the same throughout the follow -up period in 78.2%. QoL ratings
remained unchanged in 43.5% of horses but decreased in 21.0%. Overall mortality rate was
20.6 deaths per 100 horse-years at risk (HYAR, while estimated incidence of laminitis was
15.7 new episodes per 100 HYAR and that of infection was 24.9 events per 100 HYAR.
Finally, phase four used qualitative semi-structured interviews with ten purposively selected
owners to understand key topics surrounding care and QoL for PPID cases. Six overarching
themes were identified; disease tangibility, balancing management and treatment
complexities, owners being experts in their own horse, having a horse centered approach,
thevet-owner rel ationship and how health and happin
demonstrated how owner decisions were influenced
dailylif e and the visible changes observed. This per
understanding of the disease, their in -depth knowledge of what is normal for the ir horse and
the nature of the vet -owner relationship. This thesis introduces the concept of PPI
methodology in to equine veterinary research and provides novel information onthe
management, treatment and prognosis of PPID. It also highlights the lack of high-quality
evidence on which clinical decisions are made. Pergolide treatment was associaed with an
increase in QoL but did not appear to influence morbidities or mortality. Owner experiences
and perceptions play an important part in the treatmentand m anagement decisions made.
The findings presented will help to develop effective management and treatment strategies
to improve the QoL of horses with PPID. Owner perspectives and behaviours will also inform
effective ways of communicating with owners about howto provide the best possible care.
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Preface

The aims of this PhD thesis are three-fold:

i) To identify and prioritise key research questions regarding the diagnosis,

treatment and prognosis of pituitary pars intermedia dysf unction (PPID)

ii) To explore management and treatment strategies undertaken by owners of
horses with PPID

iif) To gain an understanding of owner perspectives on treatment and quality of life
(Qol) of horses with PPID.

The work presented here represents a mixed-methods approach to studying PPID. The
chapters report findings from four studies. The initial study used patient and public
involvement (PPI) methodology to identify and prioritise the key research questions about
PPID that veterinary surgeons and horse owners want answering. Following this, evidence
regarding current diagnosis and treatment protocols for PPID was assessed in two
systematic reviews. Subsequent studies were developed to answer some of the important
research questions prioritised in the initial PPIstudy. First, a cross-sectional study was
designed to describe the management and treatment practices undertaken by owner s and
to investigate associations with quality of life (QoL). A subset of this population was then
followed in a prospective cohort study to describe changes in management, treatment and
QoL observed over time. Finally, to build on this, a qualitative appr oach was taken to
provide an in-depth understanding ofthe role of horse owners in the management and

treatment of PPID and the beliefs behind their decisions.



Chapter 1

Introduction and literature review



Introduction and literature review

The relationship between human and horse has changed in recent years. This shift is
thought to be because the purpose of the horse has changed and many are valued for their
companionship (Hintz, 1995) through the development of feelings of mutual respect,
affection and awareness of horsesdindividual needs (Dashper, 2017). Owners frequently
develop a strong bond with their aged horse (McGowan and Ireland, 2016) and want to
maintain their good health through the latter years of their life (Brosnahan and Paradis,
2003a). Surveys have demonstrated the willingness of owners to manage horses into their
old age with 26 -43% of aged horses kept as companions or retired while 62% are kept for
leisure (Hintz, 1995; Ireland et al., 2011a; McGowanet al., 2010a). This means that, similar
to the human population, horses are living longer. The median life expectancy of horses is
estimated to be 22.7 years of age (Welsh et al.,, 2016) with an aged horse having been
definedasO1 5 vy e ar stal( 2061).Thsdemographicnowmakes up a considerable
proportion (25% -34%) ofthe equine population in western society (Mellor et al., 1999;
McGowan et al., 2010a; Ireland et al., 2011a). However, increased longevity brings its own

health implications (Cossioet al., 2012), such as the increased risk of disease.

Pituitary pars intermedia dysfunction

Pituitary pars intermedia dysfunction (PPID)is an age-associated progressive
neurodegenerative disorder that results in a wide variety of clinical signs includin g
hypertrichosis, musde wastage and lethargy (McGowanet al., 2013a; Ireland and
McGowan, 2018). It has also been associated with hyperinsulinemia and subsequently an
increased risk of endocrinopathic laminitis (de Laat et al., 2019b) . PPID hasbeen diagnosed
with increasing frequency in recent years (Rohrbachet al., 2012) and has an estimated
prevalence of 21% among aged horses (McGowan et al., 2013a). It has also been reported
to significantly affect risk of mortality (Welsh et al., 2016), making it important in geriatric

medicine and equine practice.

A presumptive diagnosis of PPID has previously been based on the presence of specific
advanced clinical signs such as generalised hypertrichosigFrank et al., 2006a) however, in
the earlier stages of disease, when clinical signs are more variable or less apparent,
laboratory confirmation of diagnosis is required (Couétil et al., 1996; Miller et al., 2008;
McFarlane, 2011). Diagnosis and appropriate treatment at an early stage may be beneficial

to help slow the progression of the disease (Roarty, 1990; McFarlane, 2007) The



measurement of basal adrenocorticotrophic hormone (ACTH) is currently recommended due
to its ease and adequate accuracy when used with seasonal reference intervals (McGowan
et al., 2013b). The thyrotropin -releasing hormone (TRH) stimulation test can also be used
where a more sensitive test is required (Beech et al., 2007), however TRH is not currently

licensed for use in horses.

Once diagnosed,the current licensed treatment is pergolide, an ergoline-based dopamine
receptor agonist (Anon, 2011a). Medical treatment is often used in conjunction with various
management changes to address the clinical signs present and overall health (Schott, 2002).
The progressive nature of PPID means it requires long-term management often for a
significantpropor t i on o f t; feeexgedancy poétsliaghasié has been reported to
be nearly 10 years (Welsh et al., 2016; Horn et al., 2019). The vast majority of management
throughout this time is undertaken by the
means that the part owners play in the in the management and treatment of the disease is

vitally important and could have a significant impact on quality of life (QoL).

Pathophysiology

The exact pathophysiology of PPID is still unknown, however evidence suggests that
oxidative stress contributes to neurodegeneration of the inhibitory dopaminergic
hypothalamic neurons (McFarlane and Cribb 2005). Histological examination of the pituitary
gland has provided evidence of increased oxidative stress markers in PPID cases compared
to age-matched controls (McFarlane et al., 2005a). This leads to a loss of dopaminergic
inhibitory output to the melanotrope cells within the pars intermedia of the pituitary gland.
In turn , this results in increased plasma concentrations of multiple pro-opiomelanocortin
(POMC) peptide d e emelanadytestiruating hormbne,ddrtinotyopid -like
i ntermedi at e -éndobpkin apdARTHI(Hierichs &t al., 1990; Dybdal et al.,
1994; McFarlane 2007; McFarlang, 2011; Durham, 2016a). The precise consequences of
this are not fully understood (Durham, 2016a), however there a number of clinical signs

associated with the disease which are described in further detail below.

Epidemiology

Risk factors

Increasing age is a significant risk factor for PPID, with one study reporting an odds ratio of

1.18 (95% Cl 1.117 1.25; p<0.001) for every year increase in age among horses aged 015

owner



years (McGowanet al., 2013a). Several other studies have also reported a significant
association between PPID and increasingage. Horses with clinical signs of PPID were
reported to be significantly older than those not showing clinical signs (Ireland et al., 2013).
Similarly, owners reported PPID more frequently in horses aged 02 0 y @mpa®d to
younger horses (Brosnahan and Paradis, 2003) and the prevalence of PPID increased with
increasing horse age in a referral hospital population (Broshahan and Paradis, 2003b). Breed
has been investigated as a risk factor for PPID in one study which compared diagnosis
based on basal ACTH test results, and no significant associations were found(McGowan et
al., 2013a). However, ponies were more likely to exhibit clinical signs than horses (McGowan
et al., 2013a). The same study also investigated sex as a risk factor and found no significant

difference in odds ratios between males and females.

Clinical sign s

The foremost clinical signs associated with PPID are hypertrichosis, and other hair coat
abnormalities (often incorrectly referred to collectively as hirsutism), weight loss, muscle
wastage and signs of lethargy/depresdson-like state, while laminitis is also often reported as
a comorbidity of PPID (McFarlane, 2011; McGowanet al., 2013a: Ireland and McGowan,
2018). However, the disease may manifest in different ways in individual cases (Hillyer et
al., 1992; Schott, 2002). Clinical signs in the early stages of the condition can be subtle

which then progress over time (Love, 1993).

Laminitis

Laminitis is a painful and debilitating disease (Bailey et al., 2006; Collins et al., 2010), which
can have long term implications on the structures w ithin the feet and subsequently athletic
performance (Hood, 1999b; Hunt & Wharton , 2010). Endocrinopathic laminitisis associated
with insulin dysregulation (Asplin et al., 2007; de Laat et al., 2010a; Meier et al., 2018) and
has now been recognised as the most common form of laminitis (Karikoski et al., 2011).
Studies have shown a significant link between laminitis and insulin dysregulation, including
insulin resistance (IR) and hyperinsulinaemia (Treiber et al., 2006a; Bailey et al., 2008;
Carter et al., 2009a; de Laat et al., 2010a; de Laat et al., 2010b ). Insulinis a major
regulatory hormonein glucose metabolism, and IR alters insulin signalling causing a
reduction in glucose metabolism and subsequently hyperinsulinaemia(Bailey et al., 2006;
Walsh et al., 2009; de Laat et al., 2010 a). Studies have shown normal horses develop

laminitis when hyperinsulinaemia is experimentally induced (Asplin et al., 2007; de Laat et
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al., 2010b). Insulin resistance and hyperinsulinemia have been observel in horses affected
by PPID (van der Kolk et al., 1995; McGowan et al., 2004; Treiber et al., 2006 a; Klinkhamer
et al.,, 2011) and they are thoughtto beat an increased likelihood of developing laminitis

(Donaldson et al., 2004; Carter et al., 2009a; Karikoskiet al., 2011).

The reported prevalence of laminitis amongst PPID cases varies widey between studies; one
early case series reported the prevalence to be as low as 24% (van der Kolk et al., 1993),
while a cases series from a university hospital reported a prevalence of 82% (Hillyer et al.
1992). Similarly, 74% of horses presenting with PPID at an ambulatory practice were
reported to have laminitis (Donaldsonetal., 2002). A recent systematic review assessed the
epidemiology of PPID and calculated the overall prevalence of laminitis to be 48.9% (Ireland
and McGowan, 2018).

Hypertrichosis and other hair coat abnormalities

Hypertrichosis, a long curly coat \Bachott2002) ai | s
and is considered a specific indicator of the disease (Frank et al., 2006a; McGowan et al.
2013a). One study has provided evidence this is caused by a greater percentage of hair
follicles in the anagen stage of growth (Innera et al., 2013). During the earlier stages of
disease hair changes are more subtle, with regional changes often restricted to the lower
jaw, base of the neck and palm ar or plantar aspects of the limbs (Schott,2002; Innera et
al., 2013). This can progress over time to the long curly coat ch aracteristic of the advanced
stages of PPID. The prevdence of veterinary observed hypertrichosis and/or hair coat
abnormalities was reported to be 33% in a cross -sectional study of 69 aged horses and
ponies with PPID (McGowan et al., 2013a). In the same study, coat changeswere observed
by 40.6% of owners, suggesting it could possibly be over -diagnosed by owners or that they
are better placed to recognise changes over the year compared to a single veterinary exam.
Conversdy, veterinary-reported prevalence of coat changes as high as 94-100% have been
reported in a clinical trial (McGowan and Neiger 2003) and several case series(Hillyer et al.,
1992;vander Kolk et al., 1993; Couétil et al., 1996; Speltaand Axon, 2012). This variation
is likely due to differences in selection criteria, time of year the study was performed and
types of animals included; for example, ponies are more likely to show hair coat
abnormalities than horses (McGowan et al., 2010b; Ireland et al., 2012c). An overall
prevalence of 69.9% for all hair coat abnormalities reported amongst PPID caseshas
recently been calculated based data from 14 published studies (Ireland and McGowan,
2018).

11



Muscle atrophy

Muscle atrophy associated with PPID ischaracterised by loss of epaxial and gluteal
musculature (McFarlane, 2011)and has been shown to affect type Il fibres more than type |
fibres (Aleman et al., 2006; Narici and Maffulli, 2010) . Muscle atrophy as a result of aging
(sarcopenia) is observed in equids and humans without underlying disease. It can therefore
be mistaken as normal sign of aging (Hintz, 1995; Narici and Maffulli, 2010) and may not be
recognised untilits later stages (Schott, 2002). Muscle atrophy occurs when protein
degradation rates exceed protein synthesis (Schiaffino et al., 2013). One study has
suggested greater gene expression of m-calpain involved in proteolysis may be one of the
mechanisms which plays arole in the development of muscle atrophy in PPID (Aleman and
Nieto, 2010). Muscle atrophy or epaxial muscle wastage are reported to have a prevalence
of 18-50% in PPID cases (Pongratzet al., 2010; Speltaand Axon, 2012; McGowanet al.,
2013a).

Abnormal fat distribution

Abnormal fat distribution typically comprises the development of regional adiposity including
fat deposits above the eyes in the supraorbital fossa, along the crest of the neck and over
the tail head. The process underlying tissue relocationto the upper parts of the body is not
fully understood, however, there may be a relationship between the redistribution of fat and
hyperinsulinemia seen in a proportion of PPID cases(Frank et al., 2006b; Carter et al.,
2009b; McFarlane, 2011). Redistribution of body mass is a commonly reported clinical sign
(Donaldsonetal., 2004). Bulging supraorbital fat is reported in 6 -50% of cases (Hillyer et
al., 1992; vander Kolk et al., 1993; Couétil et al., 1996; Donaldson etal., 2002; Perkins et
al.,, 2002; McGowan and Neiger, 2003; Donaldsonet al., 2004; Speltaand Axon, 2012;
McGowanet al., 2013a).

Lethargy

Lethargy, or a depression-like state, is a common sign of illness in horses (Hausberger et al.,

2016). It is characterised by prolonged times of i
and a lack of response to environmental stimuli; however, there is no standardised measure

(Burn et al., 2010; Fureix et al., 2012). Changesto circulating neurosteroids, similar to that

seen in humans with Parkinsonbdés di sease, have b
has been hypothesised that this may contribute the lethargic state observed (Schott et al.,

2020a). Owners reported lethargy/depression-like state in 14.5% of hor ses diagnosed with

12



PPID in a crosssectional study (McGowanet al., 2013a). However, the prevalence reported
during veterinary examination among other s tudies varies from 3-95% (Hillyer et al., 1992;
Cougétil et al., 1996; Donaldson et al., 2002; Perkins et al., 2002; McGowan and Neiger,
2003; Donaldson et al., 2004; Pongratz et al., 2010 ). Overall prevalence has been estimated
tobe 41% (Ireland and McGowan, 2018).

Diagnosis of PPID

Previously, a presumptive diagnosis based on age and evidence of hypertrichosis associated
with the more advanced stages of disease was considered adequate (Frank et al. 20064;
Schott, 2002). However, acknowledgementthat PPID is a progressive disease with varying
clinical signs (McGowanet al. 2013a; McGowan et al., 2013b) and the suggestion that early
intervention might have a protective effect (Gille et al., 2002) meant there was a need to
identify the disease in the early stages. Clinical diagnosiscan be challenging in the early
stages of disease when signsof hypertrichosis may not be evident or in cases with less
specific clinical signs (Miller et al., 2008). Therefore, a number of different endocrinologic
assay tests hawe been developed and used in the diagnosisof PPID, including basal and
dynamic tests (Frank et al. 2006a; McGowanet al. 2013b). Current diagnostic tests for PPID
that are considered to possess adequate accuracy and availability for clinical use comprise
basal plasma ACTH concentration, the overright dexamethasone suppression test (ODST)
and the thyrotropin -releasing hormone (TRH) stimulation test (measuring ACTH) (Durham et
al., 2014). However, there is a lack of a @old standarddaboratory test (McGowan et al.,
2013b).

Basalplasma ACTH concentration

Production of ACTH in horses normally occurs in corticotrope cells inthe pars distalis, which
release the hormone in response to corticotropin, following cleavage from the peptide POMC
(Wilson et al., 1982; Garcia-Borron et al., 2005; Getting, 2006; Yang, 2011) . Horses with
PPID have elevated levels of ACTH released into plasma from the pars intermedia
melanotropes (Couétil et al, 1996; Durham etal., 2014) which is thought to gradually
increase as the disease progressegMcGowan et al., 2013b). The activity of the pars
intermedia melanotropes is regulated by hypothalamic and systemic neurochemicals,
including dopamine (Shiodaet al., 1987; Saland, 2001; McFarlaneet al., 2003; McFarlane et
al., 2005b).

13



Plasma ACTH concentration compared to seasonally adjusted reference intervals (RIs) oférs
a simple test requiring only a single sample to be collected (Rendleet al., 2015a) and has
been evaluated in several small studies with varying accuracy reported. However, these
studies are limited by small sample sizes and there is a lack of standardisation to protocols,
meaning different assays and definitions of disease were used, making comparison
challenging. The accuracy of the basal ACTH test for diagnosing PPID is examined in detail
in Chapter 3. However, ACTH concentrations can be affected by several in vivo and in vitro
factors. Stress brought on by transportation has been shown to significantly increase ACTH
levels in stallions (Fazio et al., 2008). A small study of five horses described that ACTH levels
were significantly affected for upto 30 minutes after treadmill exercise (Nagata et al., 1999)
and a similar effect has also been observed in humans (Buono, 1986). Incorrect sample
handling and storage can also affect plasma ACTH levels. If samges are not promptly chilled
or frozen ACTH levels have been show to progressively decrease in horses with PPID
(Perkins et al., 2002; Durham and Copas, 2011), and significantly decrease after 4-8 hours
(Rendle et al., 2015b). It has also been reported that pain leads to an activation of the
hypothalamic-pituitary -adrenal axis, resulting in the release of ACTH and cortisol from the
pars distalis, in both livestock species (Molony and Kent, 1997) and horses (Beech et al.,
2007). A recent small case control study examined 17horsess aged O15 years of ag
with no clinical signs of PPID, that were suffering from pain (Gehlen et al., 2020). Pain
scores were established and blood samples were taken at initial examination and again
when the horse was considered to be pain free. A correlation between higher pain score and
increased ACTH level was reported however, this was not statistically significant, possibly

due to the small sample size.

Seasonality is also animportant consideration. An autumn increase in ACTH was first

described by Donaldson et al, (2005), who reported sign ificantly higher levels in September

compared to January and May. This circannual rhythm was further investigated by Copas

and Durham (2012) who demonstrated that the autumn rise in ACTH was maghnified in

horses with PPID compared to controls. The same study proposed seasonal Rls to allow

testingyear-r ound. However, border | i(coremonherspariedas i n t he
between 20 and 40pg/ml) close to the autumn or non -autumn cut-off should be interpreted

with caution alongside clinical history and retesting at a later date or using a different

secondary test may be considered (McGowan et al., 2013b; Rendle et al., 2014; Rendleet

al., 2015a).

14



Overnight dexamethasone suppression test(ODST)

The ODSTtest measures cortisol concentrations 181 20 hours following dexamethasone
administration (Dybdal et al., 1994). In horses with PPID, significant amounts of ACTH are
produced by the pars intermedia, which means that cortisol secretion is maintained after
administration of exogenousglucocorticoids. Thistest was previously considered the gold
standard for the diagnosis of PPID with 100% sensitivity and specificity reported (Dybdal et
al., 1994). However, this was later broughtinto question by Frank et al, (2006) who
reported a sensitivity of 65% and specificity 76% (Frank et al., 2006a) and another small
study which reported a lack of repeatability (Miesner et al., 2003). Furthermore,the ODST
test has other limitations and is no longer recommended foruse (EEG, 2019; the test
requires two samples to be taken on two consecutive days, priorto and then following
dexamethasone administration, incurring additional costs. Moreover, there are concerns
around the administration of corticosteroidsin horses at an increased risk of laminitis (Potter
etal., 2019).

Thyrotropin-releasing hormone (TRH) stimulation test

The TRHstimulation test was developed to try and improve the diagnosis of early or mild
cases, which the basal ACTH may not be sensitive enough to identify. The presence of
messenger ribonudeic acid (MRNA for TRH Type 1 receptors has been reported in the pars
intermedia melanotropes and pars distalis corticotropesin normal horses and horses with
PPID (McFarlane et al., 2006). Administration of TRH has been shown to increase plasma
concentrations of ACTH in horses with a significantly greater response in horse with PPID
compared to normal horses (McFarlane et al., 2006; Beech et al., 2007; 201 1a,b). Currently,
two small studies have reported the TRH stimulation test to have a sensitivity of 95 -100%
(Beech et al., 2007,2011b). As with the basal ACTH test, seasonal variation affects test
results and seasonal reference intervals have been developed(Diez de Castroet al., 2014).
The TRH stimulation test is generally considered a secondtier test which is used to confirm
borderline basal ACTH test results or when other basal diagnostic test results are notin
agreement with ob served clinical signs. TRH is not currently licensed for use in horses and is

therefore only permitted for use via the prescribing cascade (Anon, 2013).

Treatment and management of PPID

Pergolide, a long-acting dopaminergic agonist which is thoughtto reduce the secretion of

precursors of ACTH is currently the only PPIDtreatment licensed for use in horses (Mufioz
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et al., 1996; Anon, 2011a). Other treatments such as cyproheptadine, a serotonin
antagonist, and bromocriptine, another dopaminergic agonist, have also been considered as
treatment options. However, less supportive evidence has been published for these
medications (Roarty, 1990; Beech, 1994; Donaldson et al., 2002; Perkinset al., 2002) and

there are no licenced products available.

Pergolide has been described as effective at decreasing ACTH concentrations and improving
clinical signs of diseasein several studies. In particular, a large field study of 113 cases
described improvement in clinical signs and/or endocrine test results in 76% of horses
following treatment with 2 -4 g/kg pergolide for 180 days (Anon, 2011a). The efficacy of
pergolide for the treatment of PPID is examined in detail in Chapter 4. In brief, studies are
predominantly limited to hospital -based populations and no studies have formally assessed
the impact of management changes. Regardless of the level of evidence available, the
treatment approaches taken for any disease are predominantly dictated by the owner
(Christley and Perkins, 2010) and the treatment decisions made can be influenced by a
multitude of factors such as their own experiences and perceptions (Scantlebury et al.,
2014).

Due to the diseasebs progr es s(Hanachsena.,u99@¢, and var
Miller et al., 2008; McGowanet al., 2013a) it is likely that the effective dose of pergolide
varies between individuals. Current recommendation is a starting dose of 0.002mg/kg
(Peterset al., 1995; Schott etal., 2001; Donaldson etal., 2002; Durh am etal., 2014). Side
effects such as decreased appetite, weight loss, depression-like state, sweating and
dyspnoea have been reported when horses are started on a higher dose (Anon, 2011a;
Mufozet al., 1996; Schott etal., 2001). Time until a detectable response to treatment is
expected to be observed and when dosage should be increased has not been well
documented. Current recommendations are for treatmentto be reviewed monthly until the
horse is considered to be stabilised and then review 2 T 4times a year (Durham et al.,
2014). In one study, 22% of owners discontinued treatment due to lack of response
(Rohrbachet al., 2012) therefore effective monitoring is likely to be a necessary part of
treatment. If pergolideis discontinued, ACTH levels increase considerably after 2-10 days

(McFarlane et al., 2017) suggesting life-long daily dosing is required.

Treatment of PPID also includes consideration of general health care and management

changesas this notably impacts health and quality of life (QoL). This may include regular
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dental care and in the lat ter stages, clipping to remove excess coat (Schott,2002). Changes
to diet and daily routine are also likely to be required to reduce the risk of laminitis in horses
with concurrent insulin dysregulation and to maintain a healthy body condition. Management
practices carried out by owners have been reported t o change as horses age with exercise
intensity reported to decrease in the majority of cases (60.8%), an increase in the use of
veteran and hay replacer feeds and less preventive health care administered (Ireland et al.,
2011a,b). It is therefore important to unders tand the treatment and management practices
undertaken by owners of horses with PPID and the level of compliance with veterinary

recommendations, as these factors are likely to impact treatment efficacy.

There is little evidence available regarding long-term prognosis of horses with PPID.
However, it seems horses can live for long periods of time following diagnosis. One study
followed horses for 5.5 years and reported 40% of horses survived to last follow -up
(Schott et al., 2014), while another small study reported 50% of horses survived 4.5 years
after diagnosis (Rohrbachet al., 2012). However, a recent study reported that a diagnosis of
PPID was associated with an increasa risk of mortality, although median life expectancy
after diagnosiswas 9.8 years (Welsh et al., 2016). A recent retrospective study had a
maximum follow-up period of 7 years; however, the median follow -up time was only 11
months (Horn et al., 2019). This study was u nigue in also following non-treated horses and
reported improvement (as per attending clinician) in 64.3% of horses treated with pergolide
and 6.7% of non -treated horses. Both pergolide treatment and clinical improvement atre -
examination were positively associated with survival (p=0.01) (Horn et al., 2019). There

remains a lack of long-term or prospective cohort studies.

Quality of life

As a chronic disease that can affect horses for a large proportion oftheir life, it is important

that both veterinary surgeons and owners are able to ensure horses with PPID enjoy a good

QoL.The World Health Organisation defines health as "A state of complete physical, mental,

and social well-being not merely the absence of disease" and QoL is a measure that
encompaedddbed ngd and not just c hyohdpease( WHO, t he fr
1997), however a consistent definition is lacking (Rapley, 2011). Health status has been

used a proxy for QoL, however health problems do not necessarily directly relate to lower

QoL ratings (Carr and Higginson, 2001). In veterinary medicine, the term QoL is often used

synonymoudywi t h t he t emowevdi tiveeconSemsusithat QoL goes beyond
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welfare to encompass psychological health and general enjoyment of life (Broom, 2007). It

has been proposed that QoL encompasses three main elements:

1) Positive and negative feelings, ranging from severe pain to playfulness

2) Physical fitness and health, encompassing elements such as how a disease affects

their day to day life and physical ability to cope with its environment

3) Naturalness, the ability to carry out natural behaviours and experience elements of

natural environments (Fraser et al., 1997)

The emphasis placed on the different aspects of QoL varies between social groups; for
instance farmers put an emphasis on health, while welfare scientists think feelings are most
important (Kling-Eveillardet al., 2007; Prickett et al., 2010). There has been little
investigation into how veterinary surgeons or horse owners perceive QoL in horses. One
study asked owners of geriatric horses to rate QoL and reported that the vast majority of
owners perceived their horse to have a good QoL (Ireland et al., 2011c¢). It has been
acknowledged that owners play an important role in assessing the day to day QoL of their
horse (Parker and Yeates, 2012)and have more experience of their horse as an individual
(McMillan, 2000, 2003). Itis therefore important to understand more full y how owners

perceive QoL in their horses, both when healthy and with disease or injury.

In human medicine, QoL assessment has beenlong established and used to successfully
measure the effect of chronic conditions and the implications of aging as well as the effect
of various interventions (Schlenk et al., 1997; Skevington et al., 2001; Hyde et al., 2003,
2015; Megari, 2013; Van Es et al., 2013). Similar forms of QoL measures have subsequently
been established and validated for small animal veterinary medicine, becoming an important
part of veterinary assessments. Questionnaires and QoL scales have beendeveloped to
measure the effect of diseases such as epilepsy in dogs(Wessmannet al., 2014), chronic
pain in dogs (Wiseman-Orr et al., 2004), heart disease in cats (Reynoldset al., 2010) and
cancer in both cats and dogs (Lynch et al., 2011). QoL has also been used to assess the
effects of treatments such as chemotherapy and palliative care (Mellanby et al., 2003;
Tzanneset al., 2008). Owner evaluation of QoL has also been shown to be an important and
effective way of assessing management(Lavan, 2013; Tatlock et al., 2017). Various types of
pain assessment tools have been describedfor different types of pain in horses including

composite pain scores for colic (van Loon et al., 2015; Van Dierendonckand van Loon,
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2016) and facial expression pain scotfes for laminitis (Dalla Costaet al., 2016) and
orthopaedic pain (Dysonet al., 2017; Mullard et al., 2017; van Loonet al., 2019). However,
currently there is no standardised means of measuring QoL in horses. The ability to properly
assess individual QoLcan help identify areas for improvement and have clear benefits

(Pitkanen et al., 2009) and is clearly an area in which equine medicine needs to advance.

Sociological research in equine veterinary medicine

Although some advances in the diagnosis and treatment of PPID have been made in recent
years, ultimately it is the owners who mediate the diagnos is, treatment and care of th eir
horses (Christley and Perkins, 2010). It is therefore important that veterinary surgeons
understand the lay beliefs behind the decisions that owners make and the practices they
undertake. Qualitative interviews can be utilised to shed light on wha t influences owner
decision making around approaches to the treatment and management of PPID (DiCicco-
Bloom and Crabtree, 2006). Such methods are important in investigating PPID from a novel
perspective. In human medicine, sociological research is well established and forms an
integral part of a patient centred approach. Although there has been an increase in
qualitative sociological studies within veterinary medicine, they remain relatively scarce in
equine veterinary medicine. This suggests further understanding of qu alitative techniques

and howthese can be practically applied to equine medicine is needed.

Owner perspectives of health in the older equid

How owners rate t he | mpatthissueaastheyage cah pravidersonfeor se 6 s
insightinto how they p erceive various diseases. McGowanet al, (2010b) reported what

owners perceived as the mostimportant health issues among older horses, with loss of

condition, arthritis/lameness and teeth/de ntal care of particular concern. QoL and

management factors around caring for their horse were also frequently reported welfare

concerns. Knowledge of owner health priorities among older horses can be useful in

focusing messaging or increasing awareness ofdiseases; however, it does not provide any

understanding or context around why the diseases were ranked as important.

Diagnosis of a disease in the first place relies on owners recognising clinical signs in their
animals. Two studies have investigated owner perception of clinical signs in geriatric horses.
Ireland et al, (2012 a) found that owners under -reported many clinical signs of disease and

there was poor agreement between what owners reported and subsequentveterinary
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assessnent. Another study similarly reported that owners readily described clinical signs but
reported the actual disease much less frequently (McGowan et al., 2010b). This suggests
that owners under -recognise clinical signs in their horses and when they do recognise them,
they do not necessarily attribute them to a disease. This could lead to significant delays in

seeking veterinary attention.

A further study investigated factors affecting treatment decisions made by owners of older
horses, and Ireland et al, (2011d) reported that post -procedure prognosis, the seriousness
of the disease, pain associated with procedures and veterinary advice were the biggest
influencers (Ireland et al., 2011d). Although this provides some useful information regarding
owner decision making and considerations veterinary surgeons should make when
discussing options with owners, it does not provide the level of context or depth of

information required to fully understand owner perspectives or what influences them.

Lay beliefs and perceptions

A qualitative, interview -based study investigated how horse owners perceived the health and

performance of Pony Club horses (Buckley et al., 2004). The high value that owners placed

on their horse looking visibly healthywith A br i ght ey eandgoahodycgndc 6 ab n o

was highlighted. This study also gave some insight into how owners acquired information
regarding their horse health. Theadvi ce of O&éknowledgeabl e friendsd:¢
important point of contact, compared to veterinary surgeons who were only consulted for

what were perceived as serious conditions (Buckley et al., 2004). This demonstrates the

important influence of the horse -owning community to which owners belong and highlights

where education and advice need to be communicated. Another study utilised a unique
Delphimethodology to score vignettes of scenarios based on the themes @ssentials,

physical insult and psychological injury6 . Rounds of De&éyppinion-®rmersy ey s wi |
were used to identify important welfare issues among horsesin Ireland and how welfare

standards could be raised (Collins et al., 2010). The study used the novel approach of

scoring vignettes and identified broad areas of concern such as unregulated gatherings.

However, more importantly, it h ighlighted the need to understand the motivators for and

barriers against improving welfare standards among ownersiif interven tions are to be

successful. Anotherfocus group based study investigated the perceptions of stakeholders in

the racing industry (Butler et al., 2019). This study differed slightly as it included both

professional and lay participants such as veterinary surgeons, trainers, staff and owners.

Thematic analysis highlighted howstakehold er s di vi ded what was needed
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its best |ifed and what was considermabfa O6minim
available veterinary care, correct feed and management and allowing the horse to exhibit

natural behaviours were all id entified alongside training and exercise.

Owner management and treatment practices

Owner management strategies and beliefs surrounding these can vary widely. This was
highlighted by a telephone-questionnaire based study investigating management of horses
with stereotypical behaviours on different types of yards (McBride and Long, 2001). The
study found significant differences between th e type of establishment and how owners
perceived and managed horses with stereotypical behaviours, including use of preventative
measures, effect on performance and the underlying cause of the behaviour. Differences in
management between amateur and professional horse owners such as how horses are
housed and fed have been described (Harris, 1999). This paper also described owners would
forgo things, such a holiday, to ensure their horse got what they needed. This again
highlights the need to further understand the motiva tors and decisions of horse owners
when it comes to the management and treatme nt of their horses. An Australian study
analysed qualitative questionnaire responses to examine the barriers to owners vaccinating
against Hendra virus (Manyweathers et al., 2017). The low perceived Hendra virus risk,
vaccine safety and cost of vaccination were reported to be important barriers. Interestingly
most owners would not consider vaccination even when advised by their veterinary surgeon.
This shows the influence of owner perceptions when it com es to veterinary treatment and

the importance of a trusting owner -vet relationship when it comes to animal welfare.

The management and treatment of horses has been reported to c hange as they age, with a
reduction in preventive health care and routine vete rinary treatment described (Ireland et
al.,, 2011b). A recent cross-sectional study used Likert-scale questions to assess owner
confidence in managing and recognising disease in older equids(Bushell and Murray, 2016).
Although owners had a high level of confidence with regards to management regimes,
confidence in disease recognition was lacking. Reduction in veterinary interactions and

difficulty recognising disordersis likely to have a detrimental effect on welfare and QoL.

Evidence -based medicine

The tegidemelased medi ci n e ontrqdic&Nb)sciewtdicsliterature in the
British Medical Journal by Guyattetal.,i n t he ear | yefile®@&8& &hes and i s
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conscientious, explicit and judicious use of current best evidence in making decisions about
the care of individual patientso (Guyatt et al., 1992). Since then the principles have been
rapidly adopted, having a significant effect on implementing and teaching medicine (Guyatt
et al., 1992; Bernstein, 2004; Mellis, 2015), integrating clinical expertise with evidence from
systematic research (Sackett and Rosenberg, 1995, Sackett, 1997; Heneghan and
Badenoch, 2006).

EMB is underpinned by a process of five steps(Heneghan and Badenoch, 2006).

1. Ask an answerable clinical question (by defining the patient/problem, intervention,

comparison/control and outcomes, known as the PICO format).

2. Acquire the best evidence.

3. Appraise the evidence critically.

4. Implement the evidence into practice where appropriate.

ol

Access the impact.

The EBM process can be directly applied to equine veterinary medicine. However, the
concept of evidence-based veterinary medicine (EBVM) is still fairly new (Dean, 2014) and
has been met with a number of challenges. These include concerns about the scarcity of
high-quality evidence, a lack of time to search for the evidence, lack of training/skills to
appraise it and that clinical experience and expertise may be overlooked (More, 2012;
Vandeweerd et al., 2012; Dean, 2014; Turner and Royle, 2015).

The first step in improving the evidence base is to identify the clinical questions veterinary
surgeons and horse owners need answering. As discussed previously, PPID has become
increasingly importantin equine medicine, however the availability of high -quality evidence
regarding its diagnosis, treatment and prognosisis limited. EBMassesses types ofevidence
according to the probability of bias , with systematic reviews and randomised clinical trials
considered the most robust studies, while case series or expert opinions are the lowest level
(Phillips et al., 2009). Until very recently systematic reviews were scarce in veterinary
medicine however their importance is beginning to be recognised. One has recently

examined the epidemiology of PPID (Ireland and McGowan, 2018) and systematic reviews

22



conducted as part of the research in this thesis evaluated the diagnosis (Chapter 3) and
treatment (Chapter 4) of PPID. Prior to this, the evidence pertaining to PPID was
predominantly based on less robust case reports/series and case control studies from
predominantly small hospital-based populations, which are not necessarily generalisable to
the general population. This thesis builds on the evidence base to better inform veterinary

surgeonsand ensure the QoL of horses with PPID.

Patient and public involvement

Patient and public involvement (PPI) has been defined as dHealthcare professionals working

together with pati ents and the publicto improve the health communitiesthey s er v e 0

(Cartwright and Crowe, 2011). It encompasses a broad range of methods to engage heath

care end users in the process of determining what research is done, how it is conducted and

how the findings are interpreted and used (Adamsonet al., 2005). People living with health

problems and those who use health services can make useful contributionsto widen

perspectives, bridging the gap between patients and researchers. This was first recognised

i n t he (Chain@re, £995; Oliver, 1995; Entwistle et al., 1998) and the scope for

patient involvement to aid identification of important questions for research was also

recognised (Chalmers, 1995; Oliver, 1995; Entwistle et al., 1998). It has been acknowledged

that researchers do not always investigate areas that are important to the end users. PPI

encourages research agendas to be broadened and to
with the aim of improving the delivery of health care and ensuring the evidence base is

representative of the consumer (Tallon et al., 2000; Oliver et al., 2001; Chalmers et al.,

2012). This has led to initiatives such as INVOLVE designed to support active public

involvementinthe National Heal th Service (NHS) by carrying
rather t han ¢ a(lNVQLVE 2017 le timeory, PPI methodology could easily be

adapted into an equine veterinary setting to ensure that future research is clinically relevant

to the end users such as veterinary surgeons and owners.

The James Lind Alliance framework

The James Lind Alliance (JLA)framework is used in human medical research to provide a
platform for an independent and integrated approach to PPI, involving patients, carers and
clinicians in setting research priorities (Elwyn et al., 2010; Lophatananonetal., 2011;
Cowan, 2013; JLA, 2016). The freely available framework provides guidance on establishing

and managing Priority Setting Partnerships (PSPs), with the aim of raising the awareness
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and funding of research questions which have a direct relevance and benefit to patients and

the clinicians who treat them (JLA, 2016).

The JLA methodology usesa mixture of quantitative and qualitative approaches to identify

and prioritsegaps i n the current avail abl enseantetence kn
occur when questions about diagnosis, treatment and prognosiscannot be answered by up

to date information based onresearch evidence (JLA, 2016). The methodology includes

surveys to identify uncertainties and an adapted Delphi method to undertake prioritisation

(Pill, 1971; Gordon, 1994; Lophatananonet al., 2011). PSPs are structured using a nominal

group technigue to ensure equal contributions from patients and clinicians to efficiently

prioritise the uncertainties identified (Jones and Hunter,1995), r esul ting in a pr.i
106 of research questions t hanhdermireneddypantipleger i ng.
of a clear audit trail, transparency and a commitment to using and contributing to the

evidence base(JLA, 2016). The first PSP in 2007 identified the top 10 research questions

for asthma (Elwyn et al., 2010). Since then, the technique has been used in many further

publications making it a tried and tested method (JLA, 2016). A PSP was previouslyutilised

to identify and prioritise treatment uncertainties for chronic kidney disease in cats (Dean,

2014). Otherwise, the JLA framework has rarely been used in veterinary medicine as a

whole, and to date has not been used in equine veterinary medicine.

The JLA framework has been used to identify prioritiesfor Par ki ns onwhichisd i seas e
thought to share pathologic similarities toPPID. Par ki n s o ni®also ahiagee a s e
associated neurodegenerative disease. It occurs sporadically in the geriatric human

population. Neurodegeneration of the nigrostrial dopaminergic neurons results in a loss of

inhibitory neurotransmitter dopamine in the striatum. This leads t o the motor dysfunction

observedinP ar ki ns o n(Mgraridne,2@0d)sTke priorities identified included:

1 Whatis the best method of monitoring a person with Parkinson's response to

treatments?

1 Whatdrug treatments are best for the different stages of Parkinson's?

1 Can we develop accurate tests/techniques to determine medication timing and

amount (dose)? (JLA 20160nline archive)
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This example demonstrates several parallels to treatment and monitoring considerations for
horseswith PPID, thereby indicating that the JLA method could readily be adapted from

human to equine medicine in order to prioritise research questions pertaining to PPID.

Overall, current literature regarding the diagnosis, treatment and prognosis of PPID is

limited in terms of the populations studied and outcome observed. The evidence base needs
to be built on, and PPl methodology can be adapted to help prioritise and direct areas of
research to fill evidence gaps and ensure future research is applicable to end users. Dueto
the long-term management horses with PPID require, it is important to understand the
management and treatment practices made by the owners that care for them to help
improve QoL. Sociological based research can contribute to a more evidene-based
approach to management and treatment, by understanding owner perceptions of QoL and

decision making around treatment.
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Ojective s of the thesis

1. To adapt PPI methodologyin order to identify and prioritise key research
guestions regarding the diagnosis, treatment and prognosis of pituitary pars
intermedia dysfunction (PPID)

2. To systematically collate and evaluate the evidence regarding diagnostic and
treatment protocols for PPID

3. To identify and evaluate management and treatment strategies undertaken by
owners of horses with PPID and howthese change over time

4. To gain an understanding of owner perceptions of and decision making around

treatment and QoL in horses with PPID

In order to achieve these objectives, quantitative and qualitative studies were undertaken in

a population of horses diagnosed with PPID:

Chapter Two describes the adaptation of the JLA framework to identify research priorities for

the diagnosis, treatment and prognosis of PPID.

Chapter Three systematically collates and assess the evidence regarding measurement of
basal ACTH for the diagnosis of PPID.

Chapter Foursystematicdly collates and assess the evidence regardingthe use of pergolide
for the treatment of PPID.

Chapter Five describes the management and treatment practices undertaken by owners of
horses diagnosed with PPID as well as perceptions of QoL, utilising a crosssectional online

questionnaire.

Chapter Six prospectively follows a subset of horses from the cross-sectional study overa 12
month period using follow-up telephone questionnaires. Rates of mortality and disease
incidence are described as well as changesin owner management and treatment strategies

and perceptions of QoL.

Chapter Seven uses semi-structure interviews to gain an in-depth understanding of owner

decision making around the treatment of PPID and perceptions of QoL.

Chapter Eight summarises the information gained from these studies, discusses practical

applications for these findings and highlights areas that merit further research.
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Chapter 2
Equine pituitary pars intermedia dysfunction:
ldentifying research priorities for diagnosis,
treatment and prognosis through a priority setting

partnership
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Equine pituitary pars intermedia dysfunction: | dentifying research
priorities for diagnosis, treatment and prognosis through a priority setting

partnership

The following chapter comprises the James Lind alliance Priority Setting Partnership, and is

presented as it was published in PLOS ONE

Reference Tatum RC, McGowan CM, Dean RS, Ireland JL (2021) Equine pituitary pars
intermedia dysfunction: Identifying research priorities for diagnosis, tre atment and prognosis

through a priority setting partnership. PLOS ONE 16(1)

Summary

Pituitary pars intermedia dysfunction (PPID) is the most prevalent endocrine disorder of

older equids. To date, key research areas likely to have the greatest impact on equine

health have not been identified. In human medicine, public and patient involvement is

widely used to inform research agendas. This study aimed to engage with veterinary

surgeons and horse owners to identi fsgthese i dence
into a list of the 10 most important PPID research questions. The James Lind Alliance (JLA)

Priority Setting Partnership (PSP) Framework was adapted. Questions about the diagnosis,

treatment and prognosis of PPID were gathered via an online survey targeting veterinary

surgeons and horse owners with experience of PPID. Thematic analysis was used to form a

longlist of collated indicative research questions (CIRQs), defined by the JLA as true
6evidence uncertainties6 whlnipalymaletantaup-owlade ed by a
systematic review. In an interim prioritisation survey, questions were ranked by weighted

scores creating a shortlist of 25 that were taken forward to the PSP workshop, where

participants reached a consensusonthetopl1l0.Useab |l e responses containin
were received from 524 respondents (92.6% owners, n=485; 7.4% veterinary surgeons,

n=39). After screening for relevance, 1,260 individual questions were included in thematic

analysis, resulting in 47 CIRQs. Interim prioritisation votes for the CIRQs were received from

360 respondents. The top 10 questions prioritised at the PSP workshop focused on long-

term prognosis, diagnostic accuracy, efficacy of pergolide treatment, alternative
treatment/management strategies and potential treatment options for poor respondersto

pergolide. The guantity of questions generated indicates an extensive number of

uncertainties regarding the diagnosis, treatment and prognosis of PPID. The top 10 research

guestions will help to inform ke y areas for evidence synthesis and knowledge translation,
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and to direct future research into areas mostimportant to end users involved in caring for

and treating animals with PPID.

Introduction

Pituitary pars intermedia dysfunction (PPID) is a common age-associated equine
neurodegenerative disorder (McFarlane and Cribb, 2005; McGowanet al., 2013a). While the
exact pathophysiology ofthe disease remains poorly understood (McFarlane, 2007; Miller et
al., 2008), oxidative stress is thought to contribute towards progressive neurodegeneration

of the inhibitory dopaminergic hypothalamic neurons (McFarlane and Cribb, 2005; McFarlane
et al., 2005c). This leads to a loss of dopaminergic inhibition of the pars intermedialobe of
the pituitary gland and over production of pitui tary-derived hormones. As a result, increased
plasma concentrations of pro-opiomelanocortin (POMC) peptide and its derivatives, including
U-melanocyte stimulating hormone, corticotropin-l i ke i nt er medi ahderpinob e p e
and adrenocorticotrophic hormone (ACTH), are observed (Heinrichs et al., 1990; McFarlane
et al., 2005c; McFarlane, 2007). This proliferation of hormonesis associated with a variety

of clinical signs and comorbidities including hypertrichosis, laminitis, epaxial muscle wastage
or muscle atrophy and lethargy (Schott, 2002; M cFarlane, 2011; McGowanet al., 2013a;
Ireland and McGowan, 2018). Current published evidence about diagnosing and managing
PPID is limited, both in terms of the study populations included and the outcomes

measured. Various different endocrinologic assay tests have been developed for the

di agnosis of PPID. However, a 6gold (mankehdar do | .
al., 2006a; McGowan et al., 2013b). Once diagnosed, the dopamine agonist pergolide is
currently the only licensed treatment for PPID (Mufioz et al., 1996; Anon, 2011a). However,
evidence regarding its efficacy is largely based on a single uncontrolled trial (Anon, 2011a)
and numerous descriptive reports (Peters et al., 1995; Mufioz et al., 1996; Sgorbinietal.,
2004; Aleman et al., 2006; Rohrbach et al., 2012; Speltaand Axon, 2012). Therefore, a

more robust evidence base is required to inform veterinary surgeons and horse owners

regarding optimal methods for diagnosis and medical treatment of PPID.

Ensuring that research is relevant and applicable to those who can improv e patient care is
essential. However, researchers do not always investigate areas or answer questions
important to the end users (Tallon et al., 2000; Oliver et al., 2001). Inclusive research
methods in medicine have been developed to bridge the gap between patients, clinicians
and researchers, encouraging widening of perspectives to identify gapsin the evidence and

prioritise research agendas(Chalmers, 1995; Oliver, 1995; Entwistle et al., 1998). One of
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these methodsis the framework developed by the James Lind Alliance (JLA) Priority Setting

Partnership (PSP). The JLA has been established as a platform for an independent

integrated approach to setting research agendas (Petit-Zemanet al., 2010; JLA, 2017). 1t

brings together patients, carers and clinicians
prior i ti se unanswered resear chi g(EMysé¢tal.p2019;, known as
Lophatananonetal., 2011; Cowan, 2013; JLA 2016,2017). Despite successful public and

patient invo lvement (PPI) being used in priority setting for human medical research for over

a decade (Entwistle et al., 1998 ; Adamsonet al., 2005), it has only recently been adapted

for use in a veterinary setting. An adaptation ofthe JLA framework has previously been used

to set priorities for research into the treatme nt of chronic kidney disease in cats (Dean,

2014). However, to date such priority setting has not been applied to equine research.

Veterinary surgeons and horse owners with experience of PPID are best placed to identify
guestions about the disease mostin need of answering. Therefore, the aim of this study
was to engage these end users in order to identify their top 10 research prioritiesf or the

diagnosis, treatment and prognosis of PPID.

Materia |s and methods

Adaptation of the James Lind Alllance (JLA) Framework

This study did not include animal participants, therefore international, national, or
institutional guidelines for humane animal treatment are not applicable. This project
received institutional ethical approval from the University of Liverpool and Animal Health
Trust. Following institutional ethical approval, the six steps of the JLA framework (Petit-

Zeman et al., 2010) were adapted to identify research priorities for PPID:

9 Identification of, and contact with, collaboratorsto form a steering group.

1 Devedopmentand dissemination of surveys to the target audienc e to gather

questions they have regarding PPID.

1 Collation, categorisation and refining of the questions submitted by participantsinto
a longlist, and formatting these collated questionsin PICO (p opulation, intervention,

comparison, outcome) format where possible.
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1T Searching the |iterature to identify if

t he

i s defined by the JLA as fdna questiontowhich <c

date systematic r e \(Reti-&aman et al., 2010).

1 If >30 uncertainties are identified, interim prioritisation is undertaken to form a short

list of 25 questions taken forward to the PSP workshop.

The organisation of a PSP workshop

Establishing a Prionity Setting Partnership

A steering group was established to run and oversee the Priority Setting Partnership (PSP).
The steering group consisted of veterinary surgeons, including specialists in evidence-based
medicine and equine internal medicine, as well as horse owners with experience of PPID. A
protocol detailing the specific objectives of the PSP was developed in accordance with the
JLA guide lines (Crowe, 2009; JLA, 2016) (Appendix 1) and adapted for use in an equine
veterinary setting. T he target population was veterinary surgeons and horse owners with
experience of PPID. Boehringer Ingelheim Animal Health UK Limited (Bl) was identified as a
collaborator, and their extensive database of relevant participants facilitated survey

dissemination.

Survey developmentand distribution

A survey was developed to collect questions from respondents based on the JLA guidelines
using the freely available online survey tool, Kwik Surveys (KwikSurveys, 2017) (Appendix 2).
The survey gathered questions regarding the diagnosis, treatment and prognosis of PPID
from veterinary surgeons and horse owners with experience of the disease. Open questions
with free text boxes were used to facilitate this, and respondents could enter as many or as

few questions as desired. An invitation to particip ate in the survey was distributed via email

to collaborator Bl o6s fnCare and Connecto dat abas

veterinary surgeonsto monitor horses with PPID after diagnosis) (TAL, 2017)and Bl 6 s
veterinary practice contact list: a tailo red introduction was included explaining the purpose
ofther esear ch. A link to the survey was al so
Facebook page, and the respective websites and/or social media pages of the University of
Liverpool Equine Hospital, University of Nottingham Centre for Evidence Based Veterinary
Medicine (CEBVM) and Animal Health Trust. The aim was to reach as many relevant

participants as possible. Enrolment efforts were targeted within Great Britain (GB); however,

31

pr omi



participation was not limited to respondents from GB. The survey was available online for
eight weeks from 13" April 2017 to 9" June 2017.

Processing the responses

Responses were downloaded into a Microsoft Excel spreadsheet and anonymised. Each

individual question was screened for relevance and to ensure the inclusion and exclusion

detailed in the JLA PSP protocol @ppendix 1) were met. Questions outside the specific

objectives of the PSP were excluded. Questions about diagnosis, treatment and prognosis of

PPID were systematically categorised into themes. Duplicates and similar submissions were

then interpreted and combined to create indicative questions to enable searching of the

evidence base (Figure 1). For example, questions about the various possible side-effects of
pergolide treat ment were combined to form the C|
side-effects of pergolide treatmentbothlongand short -t er m? 6. Thi s enabl ed th

issues raised by the survey to be captured and made accessible to a non-research audience.

Verification of uncertainties

The literature was searched for relevant, up -to-date systematic reviews using appropriate

databases including MEDLINE, CABI, SCOPUS, Web of Science (WOS) and the online

database of citations for systematic reviews of relevance to veterinary medicine and science
VetSRev(Grindlay et al., 2016). Broad search terms were used to ensure all relevant

evidence was located (Appendix 3).The literature regarding diagnosis, treatment and

prognosis of PPID was identified and categorised into type of study: [i] systematic review,

[i] narrative review, [iii] clinical trial, [iv] case-control study, [iv] observational study
[prospective/retrospective], [v] cross -sectional study, [vi] descriptive reports and [vii]

Aot hero (which included all other types of stud

study design could not be determined).

Interim prioritisation

From the initial survey, more than 30 uncertainties were identified; therefore , an interim
survey was undertaken to prioritise which uncertainties should be included in the PSP
workshop (Appendix 4). A link to the interim s urvey was sent via email to all original survey
respondents. To encourage additional responses, especially from veterinary surgeons, a link
was also shared via the University of Liverpool Equine Practice Facebook page and other

relevant social media pagesreplicating the original survey dissemination. This interim stage
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required participants to select theirtop 10 mostimportant questions from the longlist, but

not to rank them. The interim prioritisation survey was available online from 23 ™ October

2017 to 20" November 2017. Questions were ranked via weighted scores, depending on the

number of votes received, to ensure equal weighting of veterinary surgeon and horse owner

responses. Separate rankings were then combined to form a final ranked list of all

questions. The top 25 questions were taken forward to final PSP workshop.

Usable responses containing 21 question received
n=524

Questions identified from respondents
n=2174

Questions about other issues related to
PPID in horses excluded n=542

Questions about diagnosis (n=126),
treatment (n=177) and prognosis (n=42)
but not conforming to pre-defined
protocol excluded n=345

Questions raised by only one
participant excluded n=27

Questions about diagnosis n=222, treatment n=696 and prognosis n=342 identified

Total = 1260

Questions about diagnosis, treatm

ent and prognosis grouped into themes

Number of ‘collated indicative questions’ n=47

VetSRev, Medline, CAB Abstracts, RCVS knowledge, Scopus and WoS searched for
evidence on all questions

‘Unknown knowns’ removed n=0

Interim prioriti:

sation process

Questions that are true uncertaintie

s taken forward to PSP meeting n=25

Figure 1: Process by which survey responses were converted to a shortlist of questions for

prioritisation at the priority setting partnership

workshop.
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Priority setting workshop

Participants from both surveys who expressed an interest in participating further, and had
provided contact details for this purpose, were invited to attend the final PSP workshop. The
final priority setting was conducted in a face -to-face workshop using both small and whole
group discussions, utilising an adapted nominal group technique (Potter et al., 2004; JLA,
2016). This allowed horse owners and veterinary surgeonsto contribute equally to the
discussion. The workshop was chaired and facilitated by the authors. To ensure
transparency, each participant had to disclose who they were, what they did and any
competing interests they had, for example if they worked in the pharmaceutical industry.
Three rounds of prioritisation were undertaken using visual cue cards to rank questions; two
small group sessions and one final whole group session. To ensure an even distribution of
participants, veterinary surgeons and owners were assigned an identification number and
randomly allocated to a group using a random number generator prior to the workshop
(Augustana, 2004). The groups were purposively changed after the first session to ensure
diverse collaboration and opinion sharing. After each round of prioritisation, the rankings
from each small group were combined to form an overall agg regate rank for each question.
The final ranking was then discussed and amended in the final whole group session with

particular attention being paid to the top 10 collated questions.

Results

Respondent demographic information

A total of 524 usable responses, which contained at least one question about diagnosis,
treatment and/or prognosis, were received from veterinary surgeons and/or horse owners
with experience of PPID in the initial online survey. The majority of responses were from
owners (92.6%; n=48 5), of which 438 currently owned a horse with PPID and 47 had
previously owned a horse with PPID. The remaining 39 responses were from veterinary
surgeons, of which 35 were currently in practice treating horses with PPID, and four were
also current owners of a horse with PPID. The majority of respondents were from GB
(92.4%; n=484), and 7.3% (n=38) were from o therregions including North America
(n=12), Europe (n=10), Ireland, the British Channel Islands and Isle of Man (n=9),
Australasia (n=6) and Asia (h=1). A further two respondents did not provide information

regarding their country of residence.
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Collation and rationalisation of questions

The process of rationalising the list of questionsis summarised in Figure 1. The 524
participants submitted atotal of 2,174 individual questions about PPID in horses/ponies. The
responses were very variable: some contained one question and others contained multiple
guestions. Some respondents did not submit a question at all and simply described their
experiences or asked about their own horse specifically. These were utilised where relevant
statements were made but othe rwise excluded. Each response was broken down into
possible questions and themes for the next step of the process, in which 1,260 questions
specific to diagnosis, treatment and prognosis that met pre -defined criteria (Appendix 1)

were identified. After the matic analysis, 47 CIRQs were identified.

Literature searches conducted on 06" December 2017 (Table 1 and Appendix 3) identified
134 relevant publications (after removal of duplicates), however no relevant up -to-date
systematic reviews were identified (Table 1). Therefore, all 47 CIRQs from the survey were
classed as unanswered, and consequently uncertainties, as defined by the JLA, and were
taken forward to the two stage prioritisation process. After interim prioritisation, the 25
guestions ranked highest overall were taken forward to the final PSP workshop (Table 2 and
Appendix 5). Examples of the questions submitted by respondents, how they were
categorised to form the CIRQs and their ranking following interim prioritisation are shown in

Table 2.

35



Table 1: Study design and main topics of relevant publications regarding pituitary pars intermedia dysfunction identified via a li terature search
conducted on 06/12/2017 [n=134]

Systematic *Narrative *Clinical *Case *Qbservational *Cross - *Descriptive *Qther
Review Review Trial Control studies sectional reports
[prospective/
retrospective]
Diagnosisof |0 12 0 20 9 3 26 14
PPID
Treatmentof | O 29 4 3 4 2 19 4
PPID
Prognosisof | 0 6 0 0 3 1 3 1
PPID

*Some studies covered multiple topics and therefore appear in the table more than once.
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Table 2: The interim prioritisation rankings of the final top 10 question sagreed as shared priorities at the pituitary pars intermedia dysfunction

priority setting partnership workshop, including examples of the original questions submitted and how they were categorisedt o form collated

indicative research questions

of year/when horse shows different
symptoms?

| realise there are seasonal variations in
the ACTH levels. Can the Prescend k/d
be safely reduced during off peak times?
And should the amount of medicine
change through the seasons?

dose of pergolide need to vary
with the season?

Number of Example questions* Collated indicative research Interim Interim | Interim
respondent guestion veterinary | owner overall
question s surgeon rank rank
which rank [veterinary
contributed surgeon
to the final and owner
collated rankings
guestion combined]
45 What is the likely pr ogression of the In horses with PPID, what is the 4 1 1

disease or is it very individual. expected disease progression

How will it develop and what are the over a horseodos |

signs that it is developing? and without treatment?

Is there any way of assessing likely rates

of deterioration of PPID?
20 Should the dosage vary at different times | In horses with PPID, does the 3 9 2
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13

By treating with Prascend, and lowering
ACTH levels to within the normal range,
how much will the likelihood of symptoms
reduce? E.g. reduce laminitis risk by 70%,
skin infections by 60%

Are they still at the same risk of laminitis
as they were before treatment was
started?

Is it true that if you reduce the prascend
that you may cause laminitis?

In horses with PPID receiving
treatment with pergolide, is the
risk of laminitis reduced?

10

75

Is there anything else that can be done to
slow this disease apart from prascend?

If Prascend stops working what other
treatments are available?

Can radiotherapy or surgery be used?

In horses with PPID, are there
any medical treatments, other
than pergolide, that work?

31

Can results be inaccurate if a horse is
stressed?

Can results be inaccurate if a horse is in
pain?

Can other conditions such as ir and ems
cause a false positive?

In horses with PPID, does stress,
concurrentiliness and/or pain
affect the reliability and accuracy
of diagnostic tests?

13

Some cases refractory to treatment and
difficult to explain why

What is the best way of treating apparent
"non-responders" to pergolide?

What if treatment doesn't have the
desired results?

What s the best way of dealing
with horses who do not respond
to pergolide treatment?

16




110 1 What "lifestyle changes" should be made | In horses with PPID, what 18 4 8
to help with the condition? additional management strategies
1 how can | keep my pony healthier while [i.e. feed & turnout]are best to
having PPID? use in conjunction with pergolide
1 Are there any published studies of treatment?
effective management and feed strategies
for horses with PPID that can educate
horse owners?
91 1 Longterm side effects of Prascend? In horses with PPID, what are the | 17 7 9
1 What are the side effects of the tablets? side-effects of pergolide
1 Have youdocumented dysphagiaas a treatment [both long and short -
side effect to prascend? term]?
3 1 Whatis the recommended In horses with PPID, what should | 16 12 11
treatment/course of action after the horse | be done when the maximum dose
has reached the recommended maximum | of pergolide has been reached
daily number of Prascend tablets [i.e. 3 but hormone levels are still
per day] and the ACTH levels are elevated?
continuing to increase?
1 At what pointin the progression of PPID
is it advisable to discontinue increasing
doses of pergolide?
1 What happens when you get to the
maximum dose of prascend?
67 1 Homeopathicremedy thatis as effective? | In horses with PPID, are any non- | 37 2 16
1 Have any herbal remedies ever been prescription treatments [i.e.
tested to work? Agnus Castus, homeopathy, other
1 Are herbal/alternative treatments really herbal products] effective?

effective in any way?
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11

1 Whatis moreimportant, clinical signs or
bloods? What if the two don't match?

1 Should we diagnose an old horse without
any clinical symptoms but a high ACTH in
the blood, as having PPID?

1 Whatis the recommended plan for horses
displaying symptoms of PPID but not
testing positive?

In horses with suspected PPID,
what is the best way to deal with
inconclusive or conflicting test
results and/or clinical signs
[symptoms]?

10

35

21

*The raw questions are as they were entered by respondents, only spelling has been corrected.
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The Priority Setting Partnershijp Workshop

The PSP workshop was attended by a total of nine veterinary surgeons and 13 horse owners
with experience of PPID (Figure 2). A list of the top 10 uncertainties for PPID was agreed by

consensus.

During the small group discussion rounds, each group decided on their shared list of

priorities. Following the second round of small group discussions, there weas little change

overall in the order of the top eight questions. However, there was some change in the

middle rankings. During the third whole group discussion, the final shared prioritised list of

guestionswas agreed (Table 3). Overall, there was general consensus on the ranking for the

maj ority of questions with the exception of que:
prescription treatments (i.e. Agnus Cast us, hom
There was much debate around this question and owners put forward a case for it to be

moved into the top 10. However, agreement could not be reached on which question should

be moved out of the top 10 in order to accommodate question P. Throughout the workshop
discussions,participants considere d t hat question P was <closely re
horses with PPID, what additional management strategies (i.e. feed & turnout) are best to

use in conjunction with pergolide treatment ?06).
guestions could be encompassed under a single ranking and that question P would form a

6part bé to question H (ranked fourth).

Following the PSP workshop, participants were sent a feedback questionnaire. The feedback
questionnaire was completed by 16 attendees (five veterin ary surgeons and eight owners,
three did not specify). Median participant ratings for their overall experience, usefulness,
purpose and organisation ofthe PSP workshop out of 10, were 9.5,9, 10 and 10,

respectively.
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PSP workshop recruitment

I I

Initial question gathering University of Liverpool’s Equine Veterinary
survey CPD department.
524 original respondents Email invitation sent
328 expressgd an interest in 11 equine veterinary
taking part surgeons were recruited.

l

303 were from Great Britain

16 veterinary surgeons, 3 veterinary
surgeons who also owned a horse with
PPID and 283 previous and/or current
owners of horses with PPID

l

Email invitations (including a|_,| 52 were unable to attend
reminder two weeks later)

sent to 303 respondents || non-responders
Y v
26 owners were able to 2 veterinary surgeons
attend were able to attend
12 recruits (one veterinary
v v surgeon and 11 horse owners)
Pre-workshop paperwork was distributed two weeks in advance —»{  did not return paperwork
v
The 25 questions were circulated one week in advance —»| Five recruits (three veterinary
l surgeons and two owners)
emailed to say they were no
The PSP workshop was attended by a total of nine veterinary surgeons and 13 longer able to attend.
horse owners.

Figure 2: The process by which attendees were recruited to attend the PPID Priority Setting

Partnership workshop.
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Table 3: Final shared top ten research priorities for the diagnosis, treatment and prognosis

of pituitary pars intermedia dysfunction (PPID) ranked during the PPID Priority Setting

Partnership workshop

dose of pergolide has been reached but hormone levels are still

elevated?

ID | Question Final
Order

A | In horses with PPID, what is the expected disease progression |1
over a horseb6s I|lifetime both

E In hor ses with PPID, does stress, concurrent illness and/or pain | 2
affect the reliability and accuracy of diagnostic tests?

D | In horses with PPID, are there any medical treatments, other 3
than pergolide, that work?

H | In horses with PPID, what additional manag ement strategies 4a
[i.e. feed & turnout]are best to use in conjunction with
pergolide treatment?

P | In horses with PPID, are any non-prescription treatments [i.e. 4b
Agnus Castus, homeopathy, other herbal products] effective?

C | In horses with PPID receiving treatment with pergolide, is the 5
risk of laminitis reduced?

In horses with PPID, what are the side -effects of pergolide 6
treatment [both long and short -term]?

B | In horses with PPID, does the dose of pergolide need to vary 7
with the season?

U | In horses with suspected PPID, what is the best way to deal 8
with inconclusive or conflicting test results and/or clinical signs
[symptoms]?

G | Whatis the best way of dealing with horses who do not 9
respond to pergolide treatment?

K | In horses with PPID, what should be done when the maximum | 10
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Discussion

This PSP achieved engagement with horse owners and veterinary surgeons across two
phases of prioritisation to identify research priorities for PPID. The JLA framework was
successfully applied to an equine disease of complex pathophysiology, indicating this
methodology could be effectively applied to other equine diseases. The research priorities,
within the pre -defined topics of diagnosis, treatment and prognosis, included: [i] long -term
prognosis, [ii] diagnostic accuracy, [iii] efficacy of pergolide, [iv] alternative
treatment/management strategies and [v] potential treatment options for poor responders
to treatment with pergolide . As the study was conducted in GB and respondents were
primarily from GB, differences in horse populations, management and treatment practices

around the world means the questions raised here may not be globally representative.

The PSP followed a rigorousand transparent predefined process to create a top 10 list of
shared research priorities. The process gathered a large number of responses, comparable
with other JLA PSPgEleftheriadou et al., 2011; Gadsby et al., 2012). The JLA does not
define a target sample size. Instead, a saturation pointis reached where no new themes are
emerging (JLA, 2016). Participants posed multiple questions resulting in numerous themes
and a large but manageable number of questions. At the point the survey was closed, no

new themes were emerging.

Various methods were used to distribute the survey with some being more successful than
others. Advertising via social media was effective for recruiting horse owners but not
veterinary surgeons.A | ar ge number of veterinary surgeons
list. However, the number of veterinary responses compared to horse owners was
disappointing. This may have been for a number of reasons, such as they were not
interested in engaging in this type of research, the open question design of the
questionnaire discouraged them from participating or they felt there were no gaps in the
evidence and therefore did not have a question to pose. A more targeted approach ora
prior, formal collaboratio n with veterinary practices may have improved veterinary
responses. However, a low response rate from veterinary surgeons and veterinary practices
has been noted in other studies (Hotchkiss et al. 2007a,b; Ireland et al., 2011a). Exploring
motivators and barriers for veterinary involveme nt in research may improve future

engagement.
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Degpite the low number of responses, questions posed by participating veterinary surgeons

did not markedly differ from those posed by owners. Around a quarter of questions raised

by participants were not specific to diagnosis, treatment or prognosis and inste ad covered

other PPID-related subjects. This is comparable the previous veterinary PSP conducted by

Dean, (2014). The majority ofthesenon-u s eabl e questi ons were regard
pathophysiology which remains poorly understood (McFarlane, 2011). Many of the questions

collated were un-structured and non-specific. Therefore, in order to form structured

questions which enabled searching for evidence, questions were adapted and combined to

form CIRQs. This stage was a qualitative process, with a set structure and technique set out

by the JLA followed to ensure consistency (Crowe, 2009). This allowed questionsto be

combined and managed without losing context. A limitation of the process is that some of

the research questionsidentified may represent a failure of communication, knowledge

transfer or understanding, rather than actual evidence gaps. For example, submitted

guestions such as 6éwhat diagnostic tools are av
testing the | evels of i n htrdeewndrd nmapnotfulya mpl e?dé i nd
comprehend the diagnostic process. Therefore, the validity of each CIRQ was carefully

considered by the steering group to ensure they were unanswered research questions, as

defined by the JLA.

The O6Choose Te n tionapprbachwasmhogen hecause it is am ancomplicated

way of allowing participants to consider the whole list then make choices that involve

genuine shortlisting (JLA, 2016). Despite additional promotion, the number of responses

from veterinary surgeons for the second interim survey remained low. The scoring and

ranking method ensured that votes from veterinary surgeons and owners were equally

weighted. A difference in priorities between groups was observed; some questions ranked

highly by veterinary surgeons were ranked considerably lower by horse owners and vice

ver sa. For example; oO0ln horses with PPID, does
the reliability and accuracy of diagnostic test

but thirteenth by owners.

During the adaptation of the J LA protocol, it was decided that the JLA definition of an
uncertaintydé would be applied for the equine v
reviews in equine medicine; at the time of writing only 2 3 were available on the VetSRev

database. This meant it was likely all questions posed by participants would be defined as

uncertainties. However, it was agreed by the steering group that the level of certainty could
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not be lowered and the quality of evide nce should remain the same across fields. Systemaic
reviews collate datafrom numerous studies and offer the highest level of evidence (Howick
et al., 2009), and if the JLA definition was changed it may have mislead PSP participants
regarding the level of evidence available (Dean, 2014). The evidence base found for the
diagnosis, treatment and prognosis of PPID was of poor to moderate quality (Howick et al.,
2009). While no published systematic reviews pertaining to PPID were available prior to this
PSP, equine endocrinology has HKMagandMare0ld)i f i ed
and a large number of studies published within the past two decades contribute some
evidence towards the top 10 research questions reported here. Future knowledge synthesis,
such as systematic reviews, focused on these questions could offer an opportunity to close
some of these evidence gaps. Importantly, this PSP has also identified a requirement to

raise awareness within the equine veterinary profession of the need for better dissemination

of the findings from previous research.

The final PSP workshop allowed an open and thoughtful exchange of views between horse
owners and veterinary surgeons. This enabled consensus to be developed and facilitated the
identification of the top 10 research questions. Both groups were represented by an
appropriate number of participants (Crowe, 2009; JLA, 2016). All groups worked well
together, with veterinary surgeons raising issues relating to owners and vice versa. As in
other PSP workshops, changes inranking after group discussions were noted (Finer et al.,

2017).For exampl e, the question 6ln horses with

a

PP

the progression of the disease?d6 was ranked sev:

owners respectively during the interim prioritisation, but was not prioritised in to the final top
10. This is evidence of good group discussion and decision making, suggesting the ability to

overcome biases (Finer etal., 2017). The number one prioritised

treat ment ? 6 walvoughauttkegribritisatiog fprdcess. Pituitary pars

intermedia dysfunction is a chronic progressive disease associated with several comorbidities
(McFarlane and Cribb, 2005; McFarlane, 2007; Mc@wan et al., 2013a; Bang and Frith,
2017) it is therefore u nsurprising this question was ranked highest. It is a broad question
encompassing several elements and therefore in the process of answering this question, it is
possible a number of the othertop 10 questions may also be answered. Several studies

have investigated the initial efficacy of pergolide (Beech, 1994; Mufiozetal., 1996; van der
Kolk, 1997; Donaldson et al., 2002; Perkins et al., 200 2; Anon, 2011a). However, there is

very little evidence regarding long -term effectiveness of treatment for impr oving prognosis.
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One small study investigated treatment response after 5.5 years and found owners of
surviving horses were satisfied with clinical response (Schott et al., 2014), and a recent
retrospective study reported increased odds of short-term survival (median 11 months)in

PPID cases treated with pergolide(Horn et al., 2019).

Two of the top 10 questions related to the accuracy and interpretation of diagnostic tests.

In several studies, utilising a variety of different clinical reference standards, the commonly
used basal ACTH test has been reported to have good sensitivity and specificity (Couétil et
al., 1996; Perkins et al., 2002; Horowitz et al., 2003; Frank et al., 2006a; Beech et al.,
2007). However, uncertainty remains regarding test accuracy for PPID diagnosis in the
presence of factors that may affect ACTH levels (Table 3, question E), such as concurrent
disease (particularly insulin dysregulation), stress (Fazio et al., 2008) and pain (Ayala et al.,
2012). In referral hospital populations, a number of acute conditions have been reported to
result in elevations of ACTH (Ayala et al., 2012; Stewart et al ., 2019). To date, these pre-
analytical factors have not been evaluated in a population of PPID cases. However, the high
proportion of systemically ill horses with ACTH concentrations above the upper limit of the
reference interval at hospital admission (Stewart et al., 2019) indicates that it is important to
consider these factors when interpreting basal plasma ACTH concentration for the diagnosis
of PPID in practice. The second question
the relative importa nce of endocrine laboratory test results and observed clinical signs. This
included results that do not dit the clinical picture § such animals exhibiting clinical signs of
PPID but with normal ACTH concentrations, as well as the interpretation of equivo cal or
O6border |l i ned t leestiwaytoensanadethase stuatibnst(Tabde 2).

The majority of questions centred around treatment (Table 3), with questions focusing on
additional management strategies, effective medical treatments other than perg olide [D],
dosing of pergolide throughout the year [B], safety [I] and efficacy of pergolide treatment

[C, G and K]. Several studies have reported that pergolide is effective at improving clinical
signs and ACTH levels(Peters et al., 1995; Anon, 20114a; Schott etal., 2014), and this was
generally the view point of participating veterinary surgeons at the beginning of the PSP.
However, discussions with owners throughout the process highlighted that this i s not always
the case for individual animals. The process highlighted the need for a more robust evidence
base for pergolide as a treatment and the need to investigate concurrent and alternative

options.
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Priority questions identified in this PSP are potentially methodologically complex to answer in
terms of study design, implementation, ethical concerns and financial limitations. The JLA
process is not concerned with how the questions raised will be answered: its fu nction is to
provide a platform for the involvement of end users (Elwyn et al., 2010; Petit-Zemanetal.,
2010;JLA, 2017). However, the breadth of each t opic offers researchers the opportunity to
develop future studies dependent on resources available. Although all questions are
considered important, it may not be possible to fund or answer all of them. In addition to
supporting the direction of future res earch, the top 10 questions identify specific issues that
horse owners consider important within each topic, providing a valuable resource to inform

targeted owner education.

This study shows that horse owners and veterinary surgeons can be involved in id entifying
and prioritising uncertainties. The involvement of veterinary surgeons and owners at this
stage of the research process has the ability to improve available evidence, ensure research
is relevant to end users and aid decision making. During the PSP process horse owners
acted as a proxy for th e patient. The JLA has previously been utilised in this way for feline
medicine (Dean, 2014). This adaptation is comparable to other JLA PSPswhere patents
cannot speak for themselves and carers or parents represent them, for example those
involving children (Morris et al., 2015). The best interest of the patie nt remains the focus in

each case.

Conclusion

The JLA methodology can be successfully adapted into an equine veterinary setting and
applied to the diagnosis, treatment and prognosis of PPID in horses. The response and
guantity of questions generated indi cates an extensive number of uncertainties about the
disease. However, as the research was undertaken in GB, it is possible that the research
questions prioritised may differ from unanswered questions of veteri nary surgeons and
horse owners in other countries. Identifying the top 10 research questions for a disease or
condition, especially those that require long -term management, will help to direct evidence
synthesis, knowledge translation and future research into areas most important to the end

users.
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Appendices for Chapter 2

Appendix 1: The Priority Setting Partnership Protocol

Pituitary Pars Intermedia Dysfunction Priority Setting i@aership

PROTOCAI5/06/2017

Adapted from the James Lind Alliance protocol

Purpose of the PSP and background

The purpose of this protocol is to set out the aims, objectives and commitments &ftilieary Pars
Intermedia Dysfunction (PPID) Prioritytt8ey Partnership (PSP) and the basic roles and

responsibilities of the partners therein.

The Pituitary Pars termedia Dysfunction PSP will be led and managed by the primary investigator

Becky Tatum BSc (Hons).

PSP lead and advisors (Steering Group)

Advisorsto the student investigatowill comprise of equine veterinary surgeons Dr Jo Ireland and
Prof Cathy McGoan of the University of Liverpool, as well as horse owning members of the Animal
Health Trust Epidemiology department, two of whom are als@neary surgeons. Methodological
guidance will be provided by veterinary surgeon and Director of the Centredefrieebased
VeterinaryMedicine(CEVM) Dr Rachel Dedimese representatives of horse owners and veterinary

surgeons formdthe steering grougor this PSP.

50



Background to the Pituitary Pars Intermedia DysfunctiBriority Setting Partnership

PPID ishe mostcommonendocrinedisorder in older horses, affecting 21% of those aged 15 years
or older and is therefore of significant importance in e practice It is aprogressive endocrine
disease which causes abnormal coat changes and fat distributiongother clinical signsis well

as comorbidities such as laminitihe available evidence regarding the diagnosis, tnezit and
prognosis of PIDis limitedboth in terms of the study populations included and the outcomes
measured. An evidence baseieeded to inform veterinary surgeons and owners, yet the quality of
published evidence is fair to poor. Therefoitdés important that any rese&h done in this area is
applicable to practice and can be used directly by those that can improve patientidee exdence

gaps in the diagnosireatmentand prognosisf PPID need to be identified and prioritised.

Aims and objectives of the Pituitaryars Intermedia Dysfunctio(PPID)PSP

The aim of the PPID PSP is to identify the unanswered questions about PPID diagnosis, treatment
and prognosis from horse owner and clinical perspectives, then prioritise those that horse owners
andveterinary surgeogsagree are the most important. A secang aim is to ascertain if the JLA PSP

framework can be applied to equine veterinary practice.

The objectives of the PPID PSP are to:

T Work with horse owners andeterinary surgeonto identify uncertainties about thaccuracy,

reliability and effectivenessf diagnosis techniques, including screening for PPID.

1 Work with horse owners andeterinary surgeonto identify uncertainties about thefficacy and

effectivenes®f PPI0reatments,including monitoring and resmpseto treatment.

1 Work with horse ownes andveterinary surgeonto identify uncertainties about th@rognosis
of horses and ponies with PRIth long and short term including quality of life and influencing

factors.
i To agree by consensus a prioritékst of thoseuncertainties, for research purposes
1 To publicise the results of the PSP and process

1 To take the results to research commissioning bodies to be considered for funding.
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Partners

Organisations and individuals will be invited to be involveth the PSP asgptners. Partners are
groups or individuals who will commit to supporting the PSP by disseminating the PSP survey.

Partners represent the following groups:

1 owner of horses with experience of PPID

1 veterinary surgeons with clinical experienof PPID

It isimportant that organisations which can reach and advocate for these groups should be invited
to become involved in the PSP. Boehringer Ingelhatmedica. td (Bl) has been engaged to
collaborate with the project as they have contacts fotlbhorse ownersnd veterinary surgeons

with experience of PPID. To ensure wider coverage the Universities of Liverpool and Nottingham

Animal Health Trust and Veteran Horse Society were also engaged to collaborate.

Some organisations may be judgedasing conflicts ofinterest. These can be perceived to

I ROSNE St & | FFSOG (K2aS 2NHIyAalldAz2yaQ @asSgaz Ol
ultimate findings of the PSP. As a pharmaceutical company Bl is considered to have a conflict of

interest. However, th Steering Group considers their partnership important to target a large

number of relevant participantsherefore, Bl will participate in a purely observational capacity once

the survey has been disseminated.

Methods

This section desdrés a schedule of proposed stages through which the PSP aims to fulfil its

objectives. The process is iterative and dependent on the active participation and contribution of

different groups. The methods adopted in any stage will be egdjitbrough consultdon between

the steeringdNP dzLJ YSYOSNBE X JdzZARSR o0& (GKS t{tQa |AYa I YR
the Guidebook section of the JLA websitevatw.jla.nihr.ac.ukvhere examples of the work of other

JLAPSPs can also be seen.
Step 1: Identification and invitation of potential partners and raising stakeholder awareness

Potential partner organisations will be identified through a process of peer knowledge and

consultation, through the Steering Group memée® y S ¢ 2 NJ anérs wiltbd Gnfacted € LI NI

and informed of the establishment and aims of the PPID PSP.
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Step 2: Identifying uncertainties

An onlinesurveywill be developed to identify questions veterinary surgeons and horse owizers
about PPIDThe survey will be based ehe guidelines outlined in the JLA guidebook and adapted
through consultation with the steering groupl, the Animal Health Trust, Veteran Horse Society and
the Universities of Liverpool and Nottingham will identify a methaddistributing the initialsurvey

to potential participants This wilenable questions and uncertainties of practical clinical importance
relating to the diagnosis, treatment and prognosis of PPID to be identified. A perioBaf/i@eks

will be gven tocomplete this exercise amtil no new themes are emergirigpm survey results.
Step3: Refining questions and uncertainties

¢KS O2yadA GFdAz2y LINRPOS&Aa o0adNBSeo ¢gAff LINRBRAzOS
treatments and prognosis. These rawegtions will be assembledhd categorised and refined by
SO1@& ¢tiadzy Ayidz2 aO2tftl GSR AYRAOFGAGS ljdSaildAizya

understandable to all.

Questions will undergo two initial rounds of refinement, firstly to remove guestnot relating to
diagnoss, treatment or prognosis. Such®valence, prevention, risk factors, pathophysiolegy

associated diseases.

Secondly ot-of-scope submissiorabout diagnosis, treatment and prognogikich do not fall

under the specific ais and objective of the study will be removed. This will include, for example,

questions relating to understanding diagnostic test results, availability of treatment options/how

ttL5 A& GNBFUGSR 2NJ 6KSUKSNI GKSNBE Aa | WOdINBQ 72

Relevant stadments which cabe formatted or merged into questions will be included where

appropriate.
Relevant submissions will be further refined by removing:

1 Questions submitted by only one participant

1 Incomplete submissi@which do notdefine theNJB & LJ2 ycRagtarisdiés.e. whether
they are a veterinary surgeon or horse owneith experience of PPID (this information is
needed to ensure the transparency of the refining process)

1 Submissions from respondents that do not have experience of PPID
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Categorisatiomnd thematic andysis will be used to identify similar or duplicate questions which wil
be combined where appropriatQuestions will then be reformatted and reworded where necessary

to form research questions understandable to all.

Existing sources dfformation aboutuncertainties for owners and clinicians will be searched. This
will include research recommendations in systematic reviews and other evidence; clinical trials,
narrative reviews and clinical guidelines. To identify sources of uncertaanaresearch
recommendationsgviedline, Web of Sciencé/etsrev Scopus, and CAB databases will be searched.
The existing literature will be researched by Becky Tatum, with the assistance of Dr Jo Ireland and
Prof Cathy McGowan, to see to what extent thesined questios have, or have not, been

answered by previous research.

If questionsare expressed calme answereavith reference to existing research evidence (systematic
reviews that meet the JLA criteria of certainty) and #rerefore"unknown known$ and not
uncertainties, this evidence will be highlighted by the PSP to their memberBhigsuggests that
information is not being communicated effectively to those who need it. A separate record of these

‘answerable questions' will be kept.

Uncertainiesthat are not adequately addressed by previous research will be collated for interim (if
applicable) and final prioritisatiofi.he checking undertaken to demonstrate that the uncertainties

have not already been answered will be recorded.

Steps4and 5 Prioritisationg interim and final stages

The aim of the final stage of the priority setting process is to prioritise through consensus, the
identified uncertainties relating to the diagnosis, treatment or prognosis of PPID. This will le&lcarri
out by members of the Steering Group and the wider partnership that repredeortse ownersand

veterinary surgeons

The interim stage

The refining process will resultin a long list of indicative uncertainties, the number of which is hard
to predict. If the lmg list of indicative uncertainties is >30 it will be reduced to a shortlist to be taken
forward and discussed at the fin@ERvorkshop.This will be achieved viacansultation process
carried out over email to theteering groumand participants who copleted the survey and agreed
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to partake in the next stages of the study. Participants in this ranking process will be invited to
chooselOuncertainties from the long (or interim) list. They will not be asked to prioritise them. The
responses obtained witle used to rank the uncertaties by number of votes. The top 2&ill be

taken forward into the final PSP workshop.
The final stage

The process to reach 10 prioritised uncertainties will be conducted in adafaee workshop, using
group discussions a@mplenary sessions. This wilvolve eligible members of the Steering Group and
the wider partnership that represents horse owners and veterinary surgeons. The method used for
this prioritisation process will be an adapted nominal group technique oversg&ecky Tatum and

Dr RacheDean to ensure equal contribution from participants.

The aim is to hold one workshop including questions about diagnosis, treatment and prognosis.
However, if the number of questions regarding these individual areas is dibynéhe Steering
Group to warant three separatd®SRvorkshops, treatment uncertainties will be prioritised ireth
faceto-face workshop while ncertainties about thgnosis and prognosis Wik prioritised online

using adapted Delphi technique.

Findings, researchandpublicity

Fndings and research

Itis anticipated that the findings of the PPID PSP will be reported to the pharmaceutical industry and

major research funding charities well as other funding bodies fdiinical veterinary research.

Rdevant SteeringGroup SYo SNB YR LI NIYSNR ¢Aff LldzofAakK GKS
and in various publications to horse owners and the veterinary profession. All partners will be

encouraged to develop the prioritised uncertainties into resgequestions, and tavork to establish

the research needs of those unanswered questions to use when approaching potential funders, or

when allocating funding for research themselves, if applicable.

As well as alerting funders, partners and advisory graembers the results Wibe published using
both internal and external communication mechanisms. This will be done in an open access format

that is easy to understand to all participants and potentially interested funders of research. The

55



findings will ale be the topic of an MRhil thesis and peer reviewed papers. The production of an

academic paper should not take precedence over publicising of the final results.

Signed by the Primary Investigator

The undersigned agree to follow the PPID Priority SeRirmagocol.

Becky Taum 15/062017
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Appendix 2: The uncertainty gathering survey .

Prioritising PPID — we need you

to the study i priorities for Pituitary Pars ia Dy i iagnosi: and progi

Pituitary Pars Intermedia Dysfunction (PPID), also known as Equine Cushing'’s Syndrome, is a common hormonal disorder in older horses and ponies.
It causes laminitis, abnormal coat changes and fat redistribution among other clinical signs (symptoms). There are still many unanswered questions
ing accurate di: is, effective and the out orp is of PPID.

The purpose of this research is to engage with you, the vets and owners who treat and care for horses and ponies with PPID, in order to identify

d known as inties’. Ul are Ity d questions that cannot be d by up to date
based on h evid This survey is designed so that you can tell us the questions or issues you have about the diagnosis,
and p is of PPID. ishing what you consider to be the most important questions in this area will help research organisations

prioritise the studies that they fund. Ultimately this will mean that research projects are funded which aim to answer these questions, and overall
improve the welfare of horses and ponies with PPID.

Identifying uncertainties is a fairly new concept in equine veterinary medicil of d question in other areas might be:

+ Which is the most reliable way to diagnose asthma?

+ What is the best way of preventing fleas in dogs?

+ What is the life expectancy of a cat with liver disease?

For further information, definitions and who to contact if you require assistance please Click Here

This survey is anonymous and any personal i ion provided will be kept ial. The survey should take approximately 10 minutes to
complete. Please only complete this survey if you have experience of PPID (for example, as a practising vet or by caring for a horse/pony with
PPID).

This survey has been designed by Becky Tatum at the Animal Health Trust along with the Universities of Liverpool and Nottingham.

Please tick the box to indicate that you have read and understood the information about this study

Next Page

Your questions about PPID

2 What questions do you have about the diagnosis of PPID in horses/ponies? (Please write as many or as few questions as

you like)
|
|
|
3 What questions do you have about the it of PPID in h /ponies? (Please write as many or as few questions as
you like)
I
|
4 What questions do you have about the prognosi: ) of h /ponies with PPID? (Please write as many or as few

questions as you like)

Previous Page | NextPage
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Treating PPID

If you do not currently own or care for a horse/pony diagnosed with PPID please continue to question 8 on the next page

5 If you currently own or care for a horse/pony with PPID, how long ago were they diagnosed?

(O Within the last 12 months QO 1-3yearsago QO over3yearsago

6 Did your horse/pony receive any medical treatment within the first 12 months after their diagnosis?

QO Yes. received Pergolide (O No, did not receive treatment

O Yes, Other (Please Specify)

7 If your horse/pony was diagnosed more than 12 months ago, are they still receiving medical treatment?
O Yes, currently receiving Pergolide O No, not currently receiving treatment
o Other (Please Specify)
Previous Page H Next Page ‘
About you

8% Please select the option which best describes you

(O !ama veterinary surgeon who treats (O !aman ownericarer who currently cares  (O) |am an owner/carer who has previously
horses and ponies with PPID for @ horse or pony with PPID

QO other (Please Specify)

cared for a horse or pony with PPID

9  How did you find out about this study?

[ Via Care and Connect [ Viathe Animal Health Trust [0 Viathe Veteran Horse Society
D Directly from my veterinary surgeon D Through a friend/colleague/client D Via other social media
Other (Please Specify)

| |

10 Where do you currently live?

O Within Great Britain

(O Outside Great Britain (please specify where)

11" As part of this research we may publish the uncertainty/question that you, along with other participants, have identified.
When reporting the results, no participants will be identified and your participation in this study will remain entirely
anonymous. Please indicate if we have your permission to do so

O Yes O no




The next stage of the study

Once responses from owners and veterinary surgeons have been collected, volunteers will be needed to help us prioritise which of the questions
identified are the most important. This will be done at a meeting in either the Newmarket or Liverpool area (depending on which is most convenient).
The meeting will involve both owners and veterinary surgeons with experience of PPID who have participated in this survey. You do not need
experience of participating in a meeting like this before to take part, and all contributions will be highly valued. Unfortunately limited funding means we

are unable to pay participants for attending this meeting, however refreshments will be provided (for participating veterinary surgeons the meeting will
count as CPD).

12 If you are interested in being involved in the next stage of this study please complete your contact details below. All personal
information will be treated confidentially

Name

| |

Address 1

Address 2

Town/City

| |

County

| |

Postcode

| |

Contact phone number

| |

Email address

| |

)

If you would like to be contacted with the results of the study please provide your email address below

Previous Page | Finish Survey

Thank you for completing this survey.

Your contribution to our research is appreciated.

If you would like any more information please contact Becky Tatum at the Animal Health Trust: becky.tatum@aht.org.uk

59



Appendix 3: Search strategy

Details of search terms used and databases searched when evaluating evidence for the

diagnosis, treatment and prognosis of pit uitary pars intermedia dysfunction

Databases | Medical Literature Analysis and Retrieval System | Via University of Liverpool library
searched Online (MEDLINE) 19662017
Centre for Agriculture and Bioscience
International (CABI) 1972-2017
El sevi er 6 s atibnsdatabase (SCOPUS
1966-2017
Web of Science (WOS) 19452017
VetSRev Via Centre for Evidence Based
Veterinary Medicine
Search Horse* OR pony OR ponies OR equine* OR equid* ANDPituitary pars intermedia
terms: dysfunction OR PPID OR cushing*OR pituitary neoplasia OR hyperadrenocorticism
OR pituitary adenoma*
Dates 06/12/2017
searches
performed:
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Appendix 4: The interim prioritisation survey

PPID - Identifying the top research questions

This study is investigating research priorities for Pituitary Pars Intermedia Dysfunction (PPID), also known as Equine Cushings Syndrome.
PPID is the most common hormonal disorder in older horses and ponies in the UK. Despite this there are still has many uncertainties about
the best ways to identify and manage this important disease.

This survey contains a long list of questions derived from over 2000 original submission made by vets and owners to our Prioritising PPID
survey. We want to prioritise the top 10 questions from this list of 51 questions.

The order in which the questions appear will be different for each person completing the survey so that the questions which appear top of the
list don’t get more attention than the bottom.
Please identify the 10 questions that matter to you the most.

We will take the questions with the most votes from this survey forward to a final workshop. At this workshop we will bring together owners
of horses with PPID and the vets that treat them to look at these questions and identify the most important ones based on the results of the
survey. This will result in a ‘top 10’ list of research questions which will be used to help direct future research.

This survey is aimed at horse owners and veterinary surgeons with experience of PPID. Please only complete this questionnaire if you
have experience of PPID, for example as an owner or carer of a horse with PPID or as an attending vet.

All information pi is y 15 and i ial. This survey was by Becky Tatum in collaboration with the Universities of
Liverpool and Nottingham and Animal Health Trust for further information please click here.

1* Please indicated that you have read the information provided and are happy for your survey response to be
used for the purposes of this study (all information provided is y and )

Yes

Choosing your top 10

Please click on the 10 questions mest important to you in the list below. You do not need to rank them.

2%

What are the ten questions you would like answering by future PPID research?

In horses with PPID what is the
best time of day to give Pergolide
(Prascend)?

In horses with PPID what are the
side effects of Pergolide
(Prascend) treatment (both long
and short term)?

In horses with PPID what is the
best way to manage side effects
of Pergolide (Prascend)
treatment?

In horses with PPID does stress
affect the reliability and accuracy
of diagnostic tests?

In horses with PPID what is the
best method of menitoring
response to treatment so that
dose alterations can be made?

‘What Is the best way of
diagnesing PPID early?

Is routine screening of horses at
risk of developing PPID
beneficial?

What effect does the storage and
handling of blood samples have
on diagnostic test results?

In horses with PPID in what time
frame would you expect to see a
response to treatment?

How often should horses at risk of
developing PPID be screened?

In horses with suspected PPID
when should secondary
diagnostic tests be used?

In horses with PPID what
additional management
strategies (i.e. feed & turnout) are
best to use in conjunction with
medical treatment?

In horses with PPID how effective
is Pergolide (Prascend) treatment
at reducing/controlling clinical
signs of PPID?

In horses with PPID what is the
best way of dosing accurately
with Pergolide (Prascend) tablets?

In horses with suspected PPID
what are the clinical signs
(symptoms) that should arouse
suspicion of disease and
therefore prompt a blood test ta
be done?

In horses with PPID is it best to
give Pergolide (Prascend) once or
wice dally?

Tn horses with PPID what Is the
best way to manage with
asymptomatic cases (a horse
diagnosed with PPID but with no
symptoms)?

In horses with suspected PPID
what is the best time of year to
perform diagnaostic tests?

In horses with suspected PPID
what is the most reliable and
accurate primary diagnostic test
to use?

In horses with PPID what should
be done when the maximum dose
has been reached but hormone
levels are still elevated?

Could alternative preparations of
Pergolide (Prascend) be effective
(i.e. liquid preparation or
injection) when treating PPID in
horses?

In horses with suspected PPID
could non-invasive diagnostic
tests be used to diagnose PPID?

In horses with PPID do factors
such as age, breed and diet
influence the effectiveness of
treatment?

In horses with PPID does the dose
need to vary with the season?

In horses with PPID treated with
Pergolide (Prascend) how much
dose variation is to be expected
throughout an individual horse's
treatment?

In horses with PPID what is the
best treatment option?

In horses with PPID are any non-
prescription treatments (i.e.
Agnus Castus, homeopathy or
herbal remedies) effective?

In horses with suspected PPID
could other diagnostic tests aid in
the diagnosis of PPID (for
example measuring cortisol or
different hormones)?

In horses with PPID does the
severity/stage of disease
influence the effectiveness of
treatment?

In horses with PPID what is the
most cost effective way of
monitoring the disease?
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In horses with PPID does
m:;:' 9 : concurrent iliness and/or pain In horses with PPID does
the . 2 affect the reliability and accuracy treatment affect the prognosis?
of diagnostic tests?
1In horses with PPID what is the In horses with PPID starting In horses with suspected PPID
expected disease progression Pergolide (Prascend) treatment can a definitive diagnosis be
over the horse’s lifetime both what is the best way to avoid made on dlinical signs
with and without treatment? initial side effects? (symptoms) alone?
In horses with PPID receiving In horses with PPID are there
treatment with Pergolide consequences f Pergolide 'b"s""'“’:"'m""‘"s"
(Prascend) s the risk of laminitis (Prascend) doses are missed, If so bl anage bordering
reduced? ‘what are they?
‘What is the best way of dealing In horses with PPID do factors
""“ssmm""::" with horses who do not respond such as diet, management or time
work? to Pergolide (Prascend) of day affect the reliability and
treatment? accuracy of diagnostic tests?
In horses with suspected PPID
what is the best way to deal with In horses with PPID how do we :'“”":"m"‘;‘;"‘m“'
inconclusive or conflicting test Iimprove prognosis? the of the o
resuits/clinical signs? prog! B
In horses with suspected PPID Is a
In horses with PPID how long is single diagnostic test sufficient to In horses with PPID do factors
Pergolide (Prascend) treatment diagnose PPID, or is re-testing such as age, breed or
effective for? required to provide affect prognosis?
diagnosis?
In horses with PPID does In horses with PPID does the
z‘gmw‘w:r“n: concurrent iliness affect stage/severity at diagnosis affect
: prognosis? prognosis?

About you

3* Did you take part in the initial Prioritising PPID survey?

[oE [cE=

4* Which of the following best describes you?

A 1am a veterinary surgeon who 1am an owner/carer who C I am an owner/carer who
treats horses and ponies with currently cares for a horse or previously cared for a horse or
PPID pony with PPID pony with PPID
Both a veterinary surgeon and E Both a previous and current
owner/carer of a horse or pony owner/carer of a horse or pony
with PPID with PPID

e |

5 How did you find out about this study?

Via the Talk about laminitis (TAL) Via the Animal Health Trust C Directly from your veterinary
scheme surgeon

ﬂ Through a friend/colleague/client ‘ Via social media ‘ Via the University of Liverpool ‘
- Other (Please Specify) |

6 Where do you currently live?

Within Great Britain ‘ E Qutside Great Britain ‘

If you currently live outside Great Britain please specify where |
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The final stage of the study

The final stage of the study involves a workshop where vets and owners will come together to prioritise the questions with the most votes
from this survey into a list of the ‘top 10" most imp research ions which need ing. The Iting top 10 will help direct
future PPID research into the areas most important and useful to you, the end users. The workshop will be held in the Liverpool area on 8th
December, you do not need experience of this kind of meeting to attend and all contributions are highly valued. Travel expenses will be
reimbursed and for vets it counts as CPD.

If you would like to take part in the prioritisation workshop please complete you contact details below. All
personal information will be treated confidentially

Name
|

Address

Town

County

|
\
= |
|
\
|
|

Phone Number ‘

If you would like to be informed of the results of this study please provide your email address below

|
Previous Page | Finish Survey

Thank you for completing this survey and
contributing towards our research.

If you would like any further information please contact Becky Tatum at becky.tatum@aht.org.uk

CREATE YOUR OWN FORM
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Appendix 5: The 25 question s ranked highest overall after the interim

prioritisation and taken forwards to the priority setting partnership.

Question ID Question

A I n horses with PPI D, wh at i s the e
lifetime both with and without treatment?

B In horses with PPID, does the dose of pergolide (Prascend) need to vary with
the season?

C In horses with PPID receiving treatment with pergolide (Prascend), is the risk
of laminitis reduced?

D In horses with PPID, are there any medical treatments, other than pergolide
(Prascend), that work?

E In horses with PPID, does stress, concurrent illness and/or pain affectthe
reliability and accuracy of diagnostic tests?

F In horses with PPID, how effective is pergolide (Prascend) at slowing the
progression of the disease?

G What is the best way of dealing with horses who do not respond to pergolide
(Prascend) treatment?

H In horses with PPID, what additional management strategies (i.e. feed &

turnout) are best to use in conjunction with pergolide (Prascend) treatment?

In horses with PPID, what are the side effects of pergolide (Prascend)
treatment (both long and short term)?
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In horses with PPID, what is the best method of monitoring response to

treatment so that dose alterations can be made?

In horses with PPID, what should be done when the maximum dose of
pergolide (Prascend) has been reached buthormone levels are still
elevated?

What is the prognosis for horses with PPID?

In horses with PPID, what is the best way to manage asymptomatic cases (a
horse diagnosed with PPID but with no symptoms)?

In horses with PPID, do co-existing ilinesses (such as equine metabolic

syndrome, arthritis or laminitis) affect prognosis?

In horses with PPID, what is the best way to manage side effects of pergolide
(Prascend) treatment?

In horses with PPID, are any non-prescription treatments (i.e. Agnus Castus,
homeopathy, other herbal products) effective?

In horses with PPID, how do we improve prognosis?

Could alternative preparations of pergolide (Prascend) be effective (i.e. liquid
preparation or injection) when treating PPID in horses?

In horses with PPID, what is the best way to manage borderline cases?

In horses with PPID, how effective is pergolide (Prascend) treatment at

reducing/controlling clinical signs (symptoms) of PPID?

In horses with suspected PPID, what is the best way to deal with
inconclusive or conflicting test results and/or clinical signs (symptoms)?
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In horses with PPID, do factors such as diet, management or time of day

affect the reliability and accuracy of diagnostic tests?

In horses with PPID, what is the most cost effective way of monitoring the
disease?

In horses with PPID, how long is pergolide (Prascend) treatment effective

for?

In horses with PPID, what are the long term effects of the disease?
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Chapter 3

Evaluation of the sensitivity and specificity of basal
plasma adrenocorticotrophic hormone concentration for
diagnosing pituitary pars intermedia dysfunction in

horses: A systematic review
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Evaluation of the se  nsitivity and specificity of basal plasm a
adrenocorticotrop hichormone concentration for diagnosing pituitary pars

intermedia dysfunction in horses :a systematic review

The following chapter collates and reviews literature pertaining the diagnostic accuracy of
the basal plasma adrenocorticotrophic hormone concentration test for diagnosis of PPID and

is presented as it was published in the Veterinary Journal.

Reference: Tatum RC, McGowan CM, Ireland JL (2021)Evaluation of the sensitivity and
specificity of basal plasma adrenocorticotrophic hormone concentration for diagnosing
pituitary pars intermedia dysfunction in horses: a systematic review . The Veterinary Journal
275: 105695.

Summary

Measurement of basal adrenocorticotrophic hormone (ACTH) is currently considered to
possess adequate accuracy for the diagnosis of pituitary pars intermedia dysfunction (PPID)
in horses. However, thereisalackof a 6égol d standarddé diagnostic
recommendations have been published, a systematic review of the evidence for its use has
not been undertaken. This study aimed to systematically review the current evidence
regarding the sensitivity and sp ecificity of the basal ACTH diagnostic test. Electronic
databases were systematically searchedin January 2019, September 2020 and updated in
January 2021. English language publications published prior to these dates were included.
Screening, data extraction and quality assessment of publications was undertaken
individually by the authors using predefined criteria a nd subsequently cross-checked. Study
design, methodology and information reported in included studies were assessed using
STARD checklists. Rislof bias and applicability were appraised using the QUADAS?2 quality
assessment tool for diagnostic accuracy studies. Due to identified biases and marked

between-study variations, meta-analysis was not undertaken.

After removal of duplicates, 415 publications were identified, of which 2 5 publications were
evaluated in full, with 11 of these publications meeting inclusion criteria. In the majority of
studies, the basal ACTH test was reported to have good sensitivity (overall median 75.5%;
interquartile range (IQR) 64.0-86.5%; range 36.0-100%) and excellent specificity (overall
median 95.2%; IQR 84.2-98.9%; range 63.3-100%). However, QUADAS2 and STARD

assessment highlighted that studies did not utilise optimal study design and/or study
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populations for the evaluation of a diagnostic test and the majority were subjectto bias or
provided insufficient information to fully assess possible biases. The evidence base needs to
be improved by utilising a representative sample of cases suspected of having PPID, a
diagnostic cut-off value defined a priori and an appropriate reference standard, before any
concrete recommendations can be made, or conclusions drawn. Based on this review, basal
ACTH performed better at ruling out PPID than detecting it.

Introduction

Pituitary pars intermedia dysfunction (PPID)is a progressive neurodegenerative disease
common in older equids (McGowanet al., 2013a). A loss of dopaminergic inhibitory output
to the pars int ermedia of the pituitary gland results in increased plasma concentrations of
multiple pro -opiomelanocortin (POMC) derived peptides, including adrenocorticotrophic
hormone (ACTH) (van der Kolk, 1997; McFarlane et al., 2005b). This leads to a spectrum of
clinical signs including lethargy or depression-like state, coat abnormalities and muscle
atrophy (Ireland and McGowan, 2018). Historically, diagnosiswas predominantly based on
age and evidence of hypertrichosis, which may be adequate for detection of advanced
stages of disease (Schott, 2002; Frank et al., 2006a). However, clinical diagnosisis more
challenging in the earlier stages of disease when classical signsmay not be evident or in
cases with less specific clinical signs(Miller et al., 2008). Therefore, a number of different
endocrine laboratory tests have been developed, evaluated and used for the diagnosis of
PPID. These includebasal tests such plasma ACTHand U-melanocyte stimulating hormone
( MSH)concentrations (McFarlaneet al., 2006; McGowanet al., 2013b), and dynamic tests
including overnight dexamethasone suppression(ODST) and thyrotropin -releasing hormone
(TRH) stimulation tests (Frank et al., 2006a; Beechet al., 2007).

Anecdotally the diagnostictest of choice in the UK is basal ACTH concentration. This is due
to the convenience of collecting a single blood sample, the wide availability of diagnostic
assaysand seasonal reference intervalsthat allow year round testing (Copas and Durham,
2012; Rendleet al., 2015a; Durham et al., 2020). This blood test is currently considered to
possessadequate accuracy for clinical use (Durham et al., 2014a). However, there is a lack
of a o06gol d st an dMcGavénetab B0Od3baandalthgugh deagnostic
recommendations have been published (EEG, 2019; Secombeet al., 2018), a systematic

review of the current evidence has not been undertaken.
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With aged horses making up a significant proportion ofthe equine population (Mellor et al.,
1999; Ireland et al., 2011a), PPID is being diagnosed with increasing frequency (Rohrbach
et al., 2012). Furtherto this, engagement with veterinary surgeons and owners with
experience of PPID identified that evaluation of diagnostic test accuracy and factors which
may affect it should be high onthe research agenda (Chapter 2). It is therefore important to
further investigate the accuracy of basal ACTH asthe most commonly used diagnostic test.
The aim of this systematic review was to collate and evaluate the current evidence
regarding the sensitivity and specificity of the basal ACTH diagnostictest for the diagnosis of
PPID.

Material s and methods

Search methodology

Based upon guidelines for electronic search strategies(McGowanet al., 2016), a systematic
search of the veterinary literature was undertaken in January 2019, repeated in September
2020 and updated in January 2021. The following electronic databases were searched to
ensure appropriate coverage (Grindlay et al., 2012); NCBI PubMed, Clarivate Analytics Web
of Science, CAB Direct, SciVese Scopus, and the database of the International Veterinary
Information Service (IVIS). The bibliographies of retrieved publications were also screened
for additional relevant records. Searches were conducted using a range of free text search
termsand MEDL | NE Me SH terms, including (Equine Cushir
intermedia dysfunction) and ( Adrenocorticotrophic hormone [ACTH]). The full list of search
terms and Boolean operatorsis detailed in Appendix 1. This review is specific to PPID in
horses and ponies, therefore search terms relating to donkeys and other equids were not
included. All retrieved records were imported and formatted into a pre -designed Microsoft

Excel spreacsheet.

Inclusion criteria

Publication limitations on study design, publication date, setting or stud y population were
notimposed. Although not peer-reviewed, conference proceedings were also considered for
inclusion, but other grey literature sources we re not. Only English language studies were
included. However, Englishlanguage abstracts were assessed,where available, for foreign
language studies. Initial title screening was undertaken for all identified studies, and at this
stage, textbook chapters, letters, review articles, non-equine studies and those not
pertaining to the diagnosis of PPIDwere excluded. The abstracts of remaining studies were
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subsequently screened and those that reported on other basal or dynamic diagnostic tests
or did not contai n data relevant to the diagnostic accuracy of basal ACTH for the diagnosis
of PPID were excluded. All studies that reported, or contained sufficient data to calculate,
sensitivity and/or specificity of the basal ACTH diagnostic test were included. If abstr acts
reported findings from the same study as a full publication,to avoid duplication only the full
publication was assessed. Eligibility assessment was carried out independently ina

standardised, unblinded manner by the authors.

Review methodology

Standardised forms adapted from critically appraised topic (CAT) data collection forms were
developed a priori and used to extract relevant data from included publications. Data
extraction and appraisal of included studies were undertaken individually by the doctoral
student and subsequently crosschecked by the other authorsto ensure a consensus was
reached. No attempt was made to obtain missing data and investigators were not contacted
to confirm accuracy of included information. Data and relevant results extracted from each

included publication are presented in summary tables (Appendix 2).

Formal quality assessment scoring was not undertaken and studies were not excluded on
guality grounds. However, results from lower quality studies are presented with

interpretation of their limitations. For each included study, risk of bias and applicability
concerns were appraised using the quality assessment tool for diagnostic accuracy studies
(QUADAS2; Whiting et al., 2011; Appendix3). Dueto the variations between included
studies with respect to inclusion criteria and participant selection, which may alter the
spectrum of disease and non4lisease in the population, the use of non-comparable
diagnostic assays and the risk of bias highlighted when studies were evaluated using the
QUADAS?2 checklist, meta-analysis was not undertaken (Campbell et al., 2020). Performing
metazanalysis on studies with important differences and a high risk of bias may compound
the errors and produce an erroneous result which could be inappropriately interpreted as
having credibility (Macaskill et al., 2010). However, median sensitivity and specificity
estimates for basal ACTHwere calculated, andwh er e 95% conydence interva
not provided in th e publication, these were calculated by the authors where published
information permitted. Mann-Whitney U tests were used to test the statistical significance of
differences in median values of sensitivity and specificity between different ACTH assays and

reference standards. Aspects of study design, methodology and information reported in

71



included studies are presented aligned with selected items included in the STARD(Bossuyt
et al., 2015; Cohen et al., 2016), and STARD for abstracts(Cohenet al., 2017) checklists.

Results

A total of 795 records were identified via the combined electronic database searches, with
an additional four records obtain ed from other sources. Following removal of duplicate
records, 415 records were screened for relevance to the review question. Following title and
abstract screening, a total of 25 publications were evaluated in full. Fourteen publications
did not meet inclusion criteria and were subsequently excluded, resulting in 11 studies

included in the review (Figure 1).

Study design and populations

Only five publications included reference to diagnosis of PPID within the title (van der Kolk
et al., 1995; Horowitz et al., 2003; McGowan et al., 2013b; Rendleet al., 2015a; Horn et al.,
2020), while two studies did not refer to any measure of diagnostic test accuracy within the
abstract (Sojka et al., 2006; Beech et al., 2011b). None of the included studies completely
fulfilled reporting guidelines for items to be included wi thin abstracts for diagnostic accuracy
studies (Cohen et al., 2017), primarily due t o insufficient details regarding eligibility criteria

and sample selection, precluding assessment of risk of bias.

While some publications utilised other designs for components ofthe study, for evaluating
basal ACTH for the diagnosis of PPID, nine inclded publications represented case control
selection crosssectional studies(Mathes and Pieper, 2019), with a two -gate design using
healthy controls (van der Kolk et al., 1995; Couétil et al., 1996; Horowitz et al., 2003; Sojka
et al., 2006; Beech et al 2011b; Rendle et al., 2015a), or a three-gate design, using healthy
controls combined with suspected PPID cases(Perkins et al., 2002), or using healthy
controls compared with separate groups of PPID and suspected PPID cases(Beech et al.,
2007,2011a). One further study enrolled a cohort of horses t hat were followed overa 12
month period, using case control selection with a two -gate design using healthy controls,
and basal ACTH diagnostic accuracy was evaluated monthly in repeated crosssectional
studies (Horn et al., 2020). The remaining study used a cohort selection cross-sectional

design with a single gate design (McGowan et al., 2013b).
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Figure 1: Flow diagram of the search strategy undertaken in a systematic review to identify
and screen publications with information on the sensitivity and specificity of th e basal
plasma ACTH diagnostic test for identifying PPID in horses, resulting in the identification of

10included publications (adapted from Moher et al., 2009).

No included studies enrolled a consecutive or random sample of horses/ponies presenting
due to suspected PPID, and all included studies provided relatively limited description of how
potentially eligible cases were identified and screened for inclusion. No studies reported
information regarding previous test results as a component of their eligibility criteria, and
only one study provided full details regarding the study location and the date range during
which the study population was selected (Perkinset al., 2002). Four of the studies included
referral hospital populations (van der Kolk et al., 1995; Couétil et al., 1996; Perkins et al.,
2002; Rendleet al., 2015a), and one used a field-based population (McGowanet al.,

2013b). The remainder did not include sufficient information to determine study setting
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(n=6), although it is pro bable that at least a proportion of their study populations were
selected from referral hospitals (Table 1 and Appendix 2). Three studies reported that PPID
cases were identified via hospital cases or clinical records, but provided limited information
about the selection of controls (van der Kolk et al., 1995; Couétil et al., 1996; Perkins et al.,
2002). Regardless of the choice of reference standard, the most common method for
selecting PPID cases for inclusion was a presumptive diagnosis based on clinicakigns (n=6),
with half of these studies including hypertrichosis as an inclusion criterion in all cases (van
der Kolk et al., 1995; Couéitil et al., 1996; Perkins et al., 2002).

No studies stated an intended sample size although one study aimed to sample at least 50
horses (including both cases and controls) per month during the study period (Horn et al. ,
2020), and all studies had small sample size of PPID cases (n<55), with the majority also
having a small number of controls (n<50) (Table 1) . Furthermore, in several studies, sample
size was further reduced by performing subgroup analyses (van der Kolk et al., 1995;

Couétil et al., 1996; Beech et al., 2007,2011a; McGowan et al., 2013b; Horn et al., 2020).

Inclusion criteria for controls also varied bet ween studies. The majority of studies defined
controls by the absence of clinical signs. However, in three studies (with some overlap
between study populations), a subset of animals selected as controls on the basis of
absence of clinical signs of PPID sibsequently had post mortem examination where 46.5-
58.3% had histological evidence of pars intermedia hyperplasia or adenoma (Beech et al.,
2007,2011a,b). Another study selected controls on the basis of absence of clinical signs of
PPID and a maximum of two ACTH results that were identified as outlying values during a
12 month period, together with an absence of pituitary adenomain a subset that had post
mortem examination (Horn et al., 2020). One further study selected controls based on

results of an ODST (Horowitz et al., 2003).

Only two studies used age-matched controls (Horowitz et al., 2003; McGowan et al., 2013b).
One study only provided age data overall, rather than by group (Rendle et al., 2015a)and
for all other studies, while mean or median age of the control group was younger compared
to the PPID groups, the control group included at least one animal aged O15 years.
Descriptions of baseline demographic characteristics of the study population were limited in
all included studies. Where sufficient information was provide d regarding the demographic
composition ofthe control group, there were breed differences, particularly with respect to

pony breeds being represented among PPID cases, but not the control group (van der Kolk

74



etal., 1995; Beech et al., 2007;2011a,b),whil e one studydés eligibility

excluded ponies (Horn et al., 2020). There were also differences in sex distribution with a
greater proportion of mares in the PPID group compared to controls (Beech et al., 2007;
2011a,b). Only one study provided details regarding clinical signs exhibited by PPID cases
beyond the description of case inclusion criteria (Couétil et al., 1996), meaning that the
distribution of disease severity in PPID cases could not be ascertainedin other included
studies. The prevalence of clinical signs was reported for the entire study populationin one
publication, but not for the PPID and control groups used for assessment of diagnostic test

accuracy (McGowanet al., 2013b).

Test methods: index test

Only three studies solely evaluated ACTH (Colétil et al., 1996; Perkins et al., 2002; Rendle
et al., 2015a)with all other studies including assessment of at least one other basal and/or
dynamic test for PPID diagnosis. Basal ACTH was the index tes (or one of the index tests)
under evaluation in seven included studies. Of these, six stated the intended use of ACTH to
be for diagnosis of PPID (van der Kolk et al., 1995; Couétil et al., 1996; Horowitz et al.,
2003; McGowanet al., 2013b; Rendleet al., 2015a; Horn et al., 2020) and one reported the
intended use to be monitoring response to treatment (Perkins et al., 2002), with no
publications defining the intended clinical role of basal ACTH. Other included studies were
designed to evaluate various dynamic diagnostictests for PPID, but reported data pertaining
to basal ACTH and its diagnostic accuracy (Sojkaet al., 2006; Beech et al., 2007; Beech et
al., 2011a,b).

The diagnostic (positivity) cut -off value for ACTH used to identify PPID also varied between
studies (Table 1). Five studies determined the ACTH diagnostic cut-off value a prioribased
on laboratory reference intervals (Perkins et al., 2002; Sojka et al., 2006; Beech et al., 2007;
Beechet al., 2011a,b). Five studies derived single (van der Kolk et al., 1995; Horowitz et
al., 2003), breed -adjusted (separate values for horses and ponies; Couétil et al., 1996) or
seasonal (separate values for autumn and non-autumn; McGowan et al., 2013b) or monthly
(Horn et al., 2020) cut-off values as part of the study. In the | atter study, monthly reference
intervals based on basal ACTH concentrations for 4650 control horses were also calculated
(Horn et al., 2020). The final study derived different diagnostic cut -off values for both single
and paired ACTH measurements (from two samples collected 515 minutes apart) (Rendle et
al., 2015a). This study also presented agreement between ACTH and histopathology, which

was assumed to utilise seasonally adjusted cut-off values (> 47 pg/ml for autumn (August-
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October) and >29 pg/mlfor non-autumn (Novemberi July); however, the cut -off values

used for these analyses were not stated (Rendle et al., 2015a).

Pre-analytical factors such as sample handling varied between studies. Only five studies
reported obtaining blood samples where horses were in familiar surroundings or kept quiet
in stalls (Couétil et al., 1996; Beech et al., 2007;2011b; McGowan et al., 2013b; Horn et al.,
2020), and only one study reported the diet offered around the time of sampling (Cou étil et
al., 1996), with one furth er publication reporting that ad libitum food was available prior to
sampling, although diet varied between included horses (Horn et al., 2020) . Three studies
reported use of glass ethylenediaminetetraacetic acid (EDTA)tubes for sample collection
(Cougétil et al., 1996; Beech et al., 2011a; McGowan et al., 2013b), while t hree reported
using plastic EDTA tubes (Beechet al., 2007; 2011b; Horn etal., 2020 ) and the remaining
five studies did not report the type of tube used. Samples w ere centrifuged to separate
plasma at time points ranging from immediately after collection to within 2 hours afterwards
(Appendix 2). Plasma samples were frequently frozen prior to analysis, at between -20°Cto
-80°C, for periods of between 1 week and 2 y ears (Appendix 2). Additionally, included
studies used two different diagnostic assays to determine ACTH concentrations; the
chemiluminescent immunoassay(CIA; n=8) and the radioimmunoassay(RIA; n=3) (Table
1).

Test methods: reference standards

The reference standards utilised to confirm presence of PPID included histological evidence
of pituitary adenoma (n=2; van der Kolk 1995; Sojka et al., 2006), pituitary hyperplasia or
adenoma (n=3; Beech et al., 2011a,b; Rendle et al., 2015a), or pituitary hyperplasia (n=1;
Beech et al., 2007); clinical signs of PPID (including hypertrichosis) (n=3; Cou é&til et al.,
1996; Perkinset al., 2002; McGowan et al., 2013b), and overnight dexamethasone
suppression test (ODST; n=1; Horowitz et al., 2003) (Table 1). One study utilised the
eligibility criteria used for identifying PPID cases as the reference standard, where horses
had to meet at least two of three criteria, including; exhibiting clinical signs consistent with
PPID, post mortem examination findings that confirmed or excluded pituitary adenoma or
hyperplasia, or having 06 of the monthly ACTH r
within the 12 month study (Horn et al., 2020). Histopathological grade was not reported in
any study using pituitary h yperplasia for the reference standard.
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No studies included a flowchart or other graphical representation of flow and timing of
recruitment, index and reference standard tests. Studies utilising histopathology as the
reference standard, necessarily conduded all index tests (ACTH measurements) priorto the
reference test, although only one of these studies provided information regarding the time
interval between ACTH measurement and post mortem examination (Beech et al., 2007).
The study utilising the ODST as the reference standard did not report the time interval
between this and ACTH measurement (Horowitz et al., 2003). For studies using clinical
sign(s) as the reference test, the time between observation of clinical signs and
measurement of basal ACTH was not reported, with the exception of one study, where
ACTH measurement was performed at the time of veterinary examination, although the
reference standard comprised a combination of examination findings and owner -reported

clinical signs observed within the preceding 12 months (McGowan et al., 2013b).

Sensitivity and specificity of basal ACTH measurement for the diagnosis of PPID

Only five studiesincluded all enrolled cases and controlsin the evaluation of the diagnostic
accuracy of basal ACTH (Couétilet al., 1996; Perkinset al., 2002; Horowitz et al., 2003;
Sojkaet al., 2006; Beech et al., 2011b). Overall in all included papers there were a total of
234 cases and 558 controls that contributed data towards analysis of diagnostic accuracy.
The median sensitivity was 75.5% (IQR 64.0-86.5%; range 36.0 -100%; based on 22
estimates provided in all 11 included studies) and median specificity was 95.2% (IQR 84.2-
98.9%; range 63.3% -100%; based on 21 estimates provided in ten included studies) (Table
1). The lowest sensitivity reported across all studies was calculated where a diagnostic cut-
off of >35 pg/mlwas applied for the diagnosis of histological evidence of pituitary
hyperplasia in clinically hormal horses exhibiting no signs of PPID (Beech et al., 2007; Table
1).

When studies were grouped by the type of assay used, reported sensitivity was significantly
higher in studies using the RIA assay (p=0.0 4), whereas reported specificity did not differ
significantly between assay types (p=0.19). For those using the CIA assay the median
sensitivity was 71.0% (IQR 60.6 -84.4%; range 36.0 -100%) and median specificity was
94.6% (IQR 82.1-96.5%; range 63.3 -100%), while those using the RIA assay had a median
sensitivity of 87.5% (IQR 82.4 -97.7%; range 81.8 -100%) and a median specificity of 100%
(IQR 89.5-100%; range 89.5 -100%). When studies were grouped by reference standard
(excluding the single study using ODST (Horowitz et al., 2003) and the study where the

composite reference standard varied between horses (Horn et al., 2020), reported sensitivity
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was significantly higher in studies using a clinical reference standard (p=0.04), whereas
reported specificity did not differ significantly between reference standards (p=0.71). For
studies that used histology as the reference standard, the median sensitivity was 65.0%
(IQR 56.8-71.0%; range 36.0 -100%) and the specificity was 95.6% (IQR 86.0 -100%; range
80.9-100%), while for those using clinical signs of PPID, the median sensitivity was 82.9%
(IQR 74.8-93.2%; range 59.0 -100%) and the median specificity was 94.6% (IQR 81.4-
100%; range 78.0 -100%).
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Table 1: Summary of sensitivity and specificity of the basal plasma adrenocorticotrophic hormone concentration for diagnosing pituitary pars

intermedia dysfunction (PPID) in horses.

Study Type | Reference Number of | Number of controls Age Country Sensitivity | Specificity Diagnostic
of standard cases included in analysis matched and Setting| (95% (95% (positivity)
ACTH included in controls confidence | confidence | cut-off
assay analysis intervals (Cl)| intervals (Cl)| point of
included included ACTH for
where where PPID
reported or | reported or
calculated calculated
where data | where data
allowed) allowed)
Beechet CIA Histological PHon 6 10 (clinically normal with no No USA 71.0% 100% >35 pg/mi
al., 2007* PM evidence of PH) Notstated
Clinically normal 14 10 (clinically normal with no 36.0% 100%
but PH on PM evidence of PH)
Beechet CIA Histological PH or 25 23 (clinically normal with no No USA 71.0% 96.0% 036 pg/ml
al., PA onPM (in evidence of PH) Notstated
2011a"* horses wit
clinical signs of
PPID)
Histological PH or 35 23 (clinically normal with no 65.0% 96.0%

PA onPM (in
horses wi
clinical signs of
PPID, plus horses
with 01 cl
of PPID which did
not include hair
coatabnormalities)

t

evidence of PH)
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Histological PH or 25 53 (all clinically normal animals 71.0% 86.0%

PA onPM (in including those with no PM

horses wit examination, or no evidence of

clinical signs of PH, orwith histological PHon

PPID) PM)

Histological PH or 35 53 (all clinically normal animals 65.0% 86.0%

PA onPM (in including those with no PM

horses wi't examination, or no evidence of

clinical signs of PH, orwith histological PHon

PPID, plus horses PM)

with 01 cl

of PPID which did

not include hair

coatabnormalities)
Beechet CIA 02 clinicdi13 19 (all clinically normal animals, | No USA 59.0% 94.0% >36 pg/mi
al., 2011b PPID (n=10) or n=14 had PM ofwhich n=7 had Notstated (Cl 32.9- (C1 74.0-

equivocal clinical evidence of PH) 81.6%) 99.9%)

signs (n=3) ( of

these, n=8 had

confirmed PH or PA

on PM)
Couwdtilet | RIA Hypertrichosis 11 horses 18 horses (clinically normal) No USA 90.9% horses | 100% horses Horses >50
al., 1996 (defined as University pg/mi

excessivelong hair referral

growth, delayed or hospital

incomplete

shedding)plus O1 | 11 ponies 9 ponies (clinically normal) 81.8% ponies | 100% ponies Ponies

additional clinical >26.96

sign(n=18) pg/ml

histological PAon

PM (n=4)
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Hornetal., [ CIA 2 outof 3 of:i) 7 44 (clinically normal; unreported No Australia 100% 95.4% April
2020¢ clinical signs of number did nothave PA onPM) Notstated (Cl 64.6- (Cl1 845- (autumn)
PPID 100%) 99.2%) >79.1 pg/ml
(hypertrichosisor
delayed shedding —
. 10 41 (clinically normal; unr eported 80.0% 72.5% November
and epaxial muscle . :
number did nothave PA onPM) (Cl 49.0- (Cl 57.2- (spring)
wastage, abnormal 96.5%) 83.9%) >25.7 pg/ml
fat distributionor
abnormal
s.we.ating); 1) _PM_ o 46 (clinically normal; unreported 88.9% 97.8% May
findings confirming (Cl 56.5- (Cl 88.7- (autumn)
or excluding PA or number did nothave PA onPM) 99.4%) 99.9%) >41.6 pg/ml
PH; iii) outlying
basalorpost-TRH 7 50 (clinically normal; unreported 85.7% 63.3% March
ACTH val ue .
tests (outof number did nothave PA onPM) (C148.7- (C149.3- (autumn)
maximum 12 99.3%) 75.3%) >58.3 pg/ml
monthly tests)
Horowitz RIA ODST 25 38 (negative ODST resul) Yes Notstated 84.0% 89.5% >11pmol/l
etal.,, (>50 pg/ml)
2003
McGowan | CIA Owner-reported 20 217 (no clinical signs of PPID) Yes Australia Non-autumn: Non-autumn: Non-autumn
etal.,, hypertrichosis Field-based | 80.0% (CI: 82.5% (ClI: >29.7 pg/ml
2013b (defined as 56.3-94.3%) 76.8-87.3%)
excessivelong hair
growth, and/or
delayed shedding 4 63 (no clinical signs of PPID) Autumn: Autumn: Autumn
and/orfailure to 100% (CI: 95.2% >77.4pg/ml
shed coatnormally) 39.8-100.0%) (Cl: 86.7-
plus O3 additional 99.0%)
clinical signs
Perkinset | CIA Hypertrichosis 19 49 (healthy controls combined No USA 84.0% 78.0% >35 pg/mi
al., 2002 (defined as with possible PPID cases; University (Cl: 60.0- (Cl: 63.0-
hirsutism) hypertrichosisnotpresent) referral 97.0%) 88.0%)
hospital
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Rendleet | CIA Histological PH or 44 23 (normal Pl on PM) No Australia, 69.4% 80.9% >21.3 pg/ml
al., 2015a PA on PM USA and UK | 61.1% 95.2% >23.6 pg/ml
Two *56.8% *91.3% Notstated
university (Cl: 41.0- (Cl: 72.0- but
referral 71.7%) 98.9%) presumed to
hospitals, be basedon
one private reference
hospital and intervals
research reportedin
herds methods:
Non-autumn
>29 pg/ml
Autumn >47
pg/mi
Sojkaet CIA Histological PAon 5 2 No Notreported | 40.0% *100% >59 pg/mi
al., 2006 PM (Cl: 5.3- (Cl: 15.8-
85.3%) 100.0%)
vander RIA Histological PAon 16 7 (clinically healthy animals) No The 100% N/R >55 pg/ml
Kolket PM Netherlands
al., 1995 University
referral
hospital
Overall #Total #Total number of controls Median Median
number of n=558 sensitivity specificity
cases n=234 75.5% 95.2%
(IOR 64.0- (IOR 84.2-
86.5%, range 98.9%; range
36.0-100%) 63.3-100%)

PH= pituitary hyperplasia; PA= pituitary adenoma; ACTH= adrenocorticotrophic hormone; RIA=radioimmunoassay; ODST= overnight
dexamethasone suppression test; CIA = Chemiluminescent immunoassay; PM = post mortem; N/R Not reported or insufficient data av ailable;
*Sensitivity and/or specificity calculated from data provided

#Subgroup analyses presented in separate rows: for Beech et al., 2007, maximum sample size included in diagnostic accuracy data analysis

was n=20 PPID cases (6 confirmed cases plus 14 clini@lly normal animals with histological evidence of PH) and n=10 controls (clinically
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normal horses without histological evidence of PH); for Beech et al., 2011a, maximum sample size included in diagnostic accuracy data analysis
was n=35 PPID cases (suspected and confirmed cases) and n=53 controls (clinically normal horses with or without histological evidence of PH,
and those without PM examination); for Horn et al., 2020, only the data from months with the highest and lowest reported values for

sensitivity (identical sensitivity reported for both November and December, with November included in table due to slightly larg er sample size)
and specificity are presented, and maximum sample size included in diagnostic accuracy data analysis was n=11 PPIDcases (sampled during
July) and n=50 controls (sampled during March) . Only these maximum sample sizes are included in the total numbers of cases and controls.
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Discussion

This is the first study to systematically review published evidence regarding the sensitivity
and specificity of measurement of basal ACTH for the diagnosis of PPID in horses and
ponies. Overall, the basal ACTH test was reported to have good sensitivity and excellent
specificity in the majority of studies with overall me dians of 75.5% and 95.2% , respectively.
However, sensitivity varied more widely among studies with it reported to be <60 % in two
studies, which both used ungraded histopathology as the reference standard (Sojka et al.,
2006; Beech et al., 2011b).

QUADAS?2 and STARD assessment highlighted that all included studies were at risk of
significant biases, which can lead to inappropriate recommendations about testing protocols
(Whiting et al., 2011; Cohen et al., 2016,2017). In many cases, studies provided limited
information regarding eligibility criteria and sample sel ection meaning full assessment of
related biases was not possible. It was therefore consideredthat combination of numerical
data was not appropriate and meta-analysis was not undertaken. Meta-analysis of biased
results can result in misleading results and is likely to compound errors, producing an
erroneous result thatis incorrectly interpreted as having credibility (Macaskill et al., 2010).
Additionally, the studies included here varied considerably in their design, using different
reference standards, assays and diagnostic cutoff values. In instances such as this, meta-
analysis has been descri bed (Kacasklietah20d0)and appl es
analysis of such varied studies would produce a meaningless resultor obscure differences in
measures of diagnostic accuracy where clinical and/or methodological characteristics vary
between studies (Macaskill et al., 2010). Therefore, undertaking meta-analysis would likely
have led to inappropriate recommendations and could ultimately negatively affect case
outcomes. However, effective data synthesis can still be undertaken without meta -analysis
by following synthesis of results guidelines (Mclnnes et al., 2018; Salameh et al., 2020),
evaluation check lists and calculating summary statistics (Campbell et al., 2020) as

presented here.

Overall, none of th e studies identified utilised optimal study designs for the assessment of
diagnostictests. Ideally a diagnostictest should be assessed using a prospective cohort of
patients representative of the population to which it will be applied (Drobatz, 2009; Linnet et
al., 2012), however none of the included studies enrolled a consecutive or random sample
of horses/ponies presenting due to suspected PPID. How the study population is selected

greatly influences the results of the diagnostic test being assessed and how applicable any
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findings are to the target population (Vetter et al., 2018). Although no included studies

enrolled a cohort of horses suspected of having PPID, the field-based study by McGowan et

al, (2013b) enrol l ed a popul ation of hariskfackoff@roni es ac
PPID (Ireland and McGowan, 2018),whichi s predomi nantly diagnosed i
years (Welsh et al., 2016). Therefore, the age range of included animals would define them

as at risk of PPID (McGowanet al., 2013b), providing an indication to perform a diagnostic

test (Mathes and Pieper,2019). The other ten included studies utilised a case control design

to select the study population, enrolling suspected cases of PPID based on presentation of

clinical signs and a healthy control group defined by a lack of clinical signs. This method of

using highly selected animals is likely to increase the risk of various biases that exaggerate

diagnostic accuracy (Whiting et al., 2004, 2013; Hall et al., 2019) and to increase the

likelihood of reporting clinically unrepresentative estimates (Linnet et al., 2012).

PPID is a progressive disease and therefore, like many diseass, has a spectrum of clinical
signs that should be represented in the sample population in which the test characteristics
were developed (Drobatz, 2009). The sensitivity and specificity of a test varies with the
prevalence or distribution of a disease in the population or sample (Irwig et al., 2002;
Leeflang et al., 2009). Therefore, when studies include a narrow range of individuals, such
as described here, spectrum bias is observed and both sensitivity and specificity are falsely
increased (Usher-Smith et al., 2016; Hall et al., 2019; Kea et al., 2019). One study in
particular excluded horses based on some clinic:
wel | est gMc@owanetall, 2013b) meaning a small spectrum of more advanced
disease was represented. The fact that the median sensitivity for studies using clinica | signs
as thereference standard was greater than the overall median sensitivity, and significantly
higher than when histology was used, supports the potential for exaggerated diagnostic
accuracy due to spectrum bias. Additionally, none of the included st udies reported a
predefined sample size that they attempted to reach a nd enrolled small number of cases
and controls, resulting in sample sizes below those recommended for evaluating sensitivity
and specificity (Bujang and Adnan, 2016). This may be due in part to ethical considerations,
such as performing unnecessary invasive procedures in healthy controls or clearly diseased

animals.

All included studies met the definition of a diagnostic accuracy study, and were therefore
described as crosssectional studies (Mathes and Pieper, 2019). However, only one study

that utilised histopathology as the reference standard and provided sufficiently detailed
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information to accurately determine the time interval between the conduct ofi ndex and
reference tests (Beech et al., 2007). If a substantial time period elapsed between ACTH
measurement and subsequent post mortem examination in other studies using
histopathology, these studies may more correctly be described as longitudinal studies and
may reflect predictive accuracy of elevated ACTH for the future development of pars
intermedia hyperplasia or adenoma (Mathes and Pieper, 2019). Since PPID is largely
considered to be slowly progressive in the majority of cases, the likelihood of delayed

verification bias may be small.

Five of the included studies used pituitary pars intermedia histopathology as the reference
standard. Descriptions of pituitary histological findings in PPID demonstrate a r ange of
pathology from hyperplasia and enlargement of the pars interme dia, through to micro and
macroadenomatous changes(Boujon et al., 1993; Yoshikawaet al., 2001). However, poor
agreement between pathologists has been reported, with some participating pathologists
reporting normal histologic findings in eight out of ten suspected PPID cases where other
pathologists reported pars intermedia hyperplasia and/or adenom atous hyperplasia or
adenoma (McFarlane et al., 2005a). Other reports have indicated discrepancies between
clinical findings and histopathology, with pars intermedia lesions evident in up to 46% of
apparently clinical normal horses (van der Kolk et al., 2004; Miller et al., 2008); with 28% of
geldings, 55% of lactating and 84% of pregnant mares showing pars intermedia
hyperplasia, microadenoma or macroadenoma (van der Kolk et al., 2004). Pituitary glands,
obtained at post mortem examination from clinically nor mal horses, had significantly higher
histologic grades, with 12 of 34 (35%) glands classified as grade 3 (pars intermedia
adenomatous hyperplasia) and 7 of 34 (21%) as grade 4 (pars intermedia microadenomas)
during the autumn months, compared to 27% and 5% , respectively, in non-autumn months
(Cordero et al., 2012). The same study also reported that pituitary size and pars intermedia
area were significantly higher in the autumn compared to non -autumn months (Cordero et
al., 2012). These studies indicate that pituitary intermedia histopathology is inf luenced by
both reproductive status and season, and may have poor specificity for the diagnosis of
PPID.Collectively, these findings do not support pituitary histopathology as the gold

standard for diagnosis of diagnosis of PPID.

Four studies used clinical signs of PPID including (including hypertrichosis) as the reference
standard for some (Couétil et al., 1996; Beech et al., 2011b) or all PPID cases (Perkinset
al.,, 2002; McGowan et al., 2013b). Hypertrichosis has been reported to be a specific
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indicator of PPID (Schott, 2002), with a significant difference between PPID cases and
controls when hypertrichosis was graded on a scale of 0-3 (Schott et al., 2017) and was
reported to have high specificity (95%) for the diagnosis of P PID in one study (Frank et al.,
2006a) when compared to histological evidence of pars intermediaadenoma. However,
overt generalised hypertrichosis is now considered an advanced clinical sign of PPID(EEG,
2019), and therefore is unlikely to be representative of the earlier stages of disease. Only
one study used owner-reported delayed shedding and hair coat changes over the previous
12 months as well as overt hypertrichosis id entified on clinical examination (McGowan et al.,
2013b). Compared to veterinary clinical examination findings, owner observations over a
longer time period are likely to be more sensitive for detecting regional hypertrichosis and
other subtle hair coat changes, and owner-reported history of hypertrichosis was the only
clinical sign found to be predictive for PPID in a large cross-section of geriatric horses
(McGowan et al., 2013a). One study used the ODST as the reference standard(Horowitz et
al., 2003). The ODSTwas oncethoughtof as t he O6gol d standard6é di ac
reportedly having 1 00% sensitivity and specificity of 100% (Dybdal etal., 1994). However,
this has subsequently been brought into question by a small study that reported only one of
seven PPID cases had positive ODST reslts when repeated on three occasions at monthly
intervals (Miesner et al., 2003) and concerns around the unnecessary administration of
steroid means it is now seldom used in the UK. Given the lack of a true gold standard
reference test for the diagnosis of PPID, future evaluation of diagnostic test accuracy could
be improved by utilising methods to assess diagnostic test accuracy in the absence of an
ideal reference standard (Umemneku Cikere et al., 2019), a composite reference standard

(Naaktgeboren et al., 2013), or expert panel diagnosis (Bertens et al., 2013) .

ACTH is not the major pituitary peptide normally produced from the equine pituitary pars
intermedia, with its typical site of production and regulation being the pars distalis.

However, it was shown to be increased (along with other POMC-derived peptides) in high
amounts from diseased pars intermedia, and much of that was shown to be biologically
inactive, which is why it remains a useful diagnostic test for PPID (Orth et al., 1982; Okada
et al.,, 1997; Cordero et al., 2011). However, pars distalis produced ACTH as part of the
hypothalamic-adreno-cortical axis may still provide false elevations of ACTH. ACTH levels
have been shown to elevate as a result of factors such as stress (Fazio et al., 2008),
exercise (Nagata et al., 1999), diet (Diez de Castro et al., 2014; Jacobet al., 2017),
discomfort (Gehlen et al., 2020) and hospitalisation, even in mildly ill horses (Towns et al,

2010). These changes are often short lived but are still an important consideration when
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interpreting ACTH concentration. There was a lack of information regarding the
management of horses/ponies around the time samples were collected or where and how
samples were taken, with six studies providing no information at all. If sampling took place
in an environment that was not properly controlled to prevent the influence of external
factors, ACTH levels may have been inadvertently affected, resulting in biased results.
However,t wo of t he st ud i-MSH, whithdsmot affected hy exéethal U
influences like ACTH, and reported broadly comparable measures of diagnosticaccuracy
(Horowitz et al ., 2003; McGowan et al ., 2013b) ,
MSHand ACTH (McGowan et al., 2013b).The description of demographic characteristics,
and presence of differential or alternative diagnosis or comorbidities amongst study
populationsincluded in most reviewed publications was also poor, meaning the assessment
of applicability to the target population was not able to be assessed fully (Drobatz, 2009;
Linnet et al., 2012). However, the high proportion of hospitalised populations suggest the
results may not be entirely generalisable in practice, and reported measures of diagnostic

accuracy might be affected by referral filter bias .

Other pre-analytical factors also varied between studies. Once samples had been collected,
there was variability in sample handling, which can affect ACTH concentrations (Hegstad et
al., 1990; Teahan et al., 2006; Hirayama et al., 2015; Rendle et al., 2015c). Additionally,
one study (McGowanet al., 2013b) stored samples for a prolonged period of time, meaning
samples may have degraded by the time of analysis, potentially affecting ACTH measures

and producing inaccurate results (Banse et al., 2020).

The CIA assay was mog commonly used among studies with three studies using the RIA
assay. Two method comparison studies have shown significant differences in results using
different assays when measuring ACTH levels in equids(Knowles et al., 2018; McGilvray et
al., 2020). A cohort of 85 ponies had samples collected in the autumn and spring months
with ACTH levels measured using both CIAand immunofluorescent (IF) assays, which
yielded significantly different results in both seasons (p<0.001), with the IF assay results
proportionally lower (Knowles et al., 2018). In healthy adult horses, ACTH values from both
CIA and IF assays were positively correlated, but differed in both November and May with
significantly higher values from the CIA (McGilvray et al., 2020). Here, t he median sensitivity
and specificity of the CIA assay was lower than the RIA assay, suggesting similar differences

between these assays may be observed.However, this finding may also be subject to
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confounding due to differences in reference standards, case selection and definition, or

other variables.

No studies reported any blinding of observers with respect to test results , though this
unlikely to be source of introduced bias for ACTH where the index test is an objective
measure, compared to a diagnostic test that requires clinical interpretation (Whiting etal.,
2011). The diagnostic cut-off values for ACTH varied between studies which can result in an
increase or decrease in sensitivity and specificity, depending on the cut-offs used (Sharma
and Jain, 2014). Moreover, selecting the diagnostic cut-off value to maximise test
performance, as performed in half of the studies reviewed here, increases the risk of
overestimating measures of diagnostic test accuracy (Cohenet al., 2016). Dueto this
between study variation, estimating overall sensitivity and specificity was challenging. A
correlation between sensitivity and specificity can be calculated to assess heterogeneity in
thresholds, however, this is unreliable where studies have small sample sizes(Moseset al.,
1993; Leeflang et al., 2013) and was therefore not undertaken. The overall median
sensitivity and specificity reported in this systematic review should simply be treated as a
summary of reported results and interpreted with appropriate caution , based on the
limitations of included stud ies. Seasonally adjustedreference intervals have been developed
for ACTH in equids to account for the higher plasma ACTH observed inautumn months
(Copas and Durham, 2012)and two included studies derived monthly (Horn et al., 2020) or
seasonal cut-off values for autumn and non -autumn periods (McGowanet al., 2013b).
However, subsequently an Australian review has recommended a third interval between the
autumn and non-autumn cut-offs (Secombeet al., 2018), and more recently a large field -
based study proposed weekly thresholds for ACTH to acount for continuous circannual
variation (Durham et al., 2020). Most studies selected the diagnostic cut-off value based on
the upper limit of laboratory reference intervals (Perkinset al., 2002; Sojka et al., 2006;
Beechet al., 2007,20114a;2011b) or derived single cut-off values (van der Kolk et al., 1995;
Horowitz et al., 2003) and made no allowance for circannual variation, suggesting they may
have been insufficient for accurate differentiation between di sease and non-diseased

animals.

Overall, the available evidence demonstrates that measurement of basal ACTH is highly
specific and has good sensitivity for the diagnosis of PPID in horses and ponies exhibiting
clinical signs consistent with the disease. However, the evidence base is limited, with

selection of study populations and study designs used in the included studies likely to over -
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estimate measures of diagnosticaccuracy. Ideally, a cohort selection cross-sectional study,
enrolling a consecutive sample of horses presenting due to suspicion of PPID, using a
diagnostic cut-off value that is defined a priori, would be performed to appropriately
evaluate the diagnostic accuracy of basal ACTH. However, it is essential that all horses
would be correctly classified as diseased or nondiseased, and the lack of a gold standard

reference test for PPID makes this particularly challenging.

Conclusion

None of the included studies utilised an optimal study design or study population for the
evaluation of a diagnostic test and the majority were subject to bias. Furthermore, the
amount of inter -study variations precluded direct comparison and meta-analysis. Despite
this, basal ACTH was consistently reported to have good-excellent specificity, and while
sensitivity estimates were more varied, overall medial sensitivity for the diagnosis of PPID
was good in selected populations of horses and ponies. Basal ACTH performed better at

ruling out PPID than detecting it, meaning a risk of missing some cases of PPID.
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Appendices for Chapter 3

Appendix 1: Search strategy and results

Databases searched and
dates covered

NCBI PubMed (19501 Present)

Clarivate Analytics Web of Science (1898 Present)

CAB Direct (19601 Present)

Scopus (18231 Present)

International Veterinary Information Service (IVIS) database (1997 i
Present)

Further relevant records were identified by the authors viathe
bibliographies and reference lists of retrieved publications and freely
available or published conference proceedings.

Searchterms

(Equine Cushing* OR Pituitary pars intermedia dysfunction OR PPID
OR Hyperadrenocorticism OR Pituitary adenoma) AND (horse* OR
pony OR ponies OR equine OR equid*) AND (ACTHDR
adrenocorticotropic hormone OR adrenocorticotrophic hormone OR
adrenocorticotropin OR corticotropin)

Dates searches
performed

11/01/2019, 14/09/2020, 15/09/2020 and 04/01/2021
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Database Number Excluded 1 Excluded 1 Excluded 1 Excluded 1 Excluded i did not Total
of results non - conference abstract non - systematic not relevant report data relevant
English subsequently review article, review to review required to answer papers
language available as in conference question review question
publication published article proceedings or letter
NCBI PubMed 134 0 0 16 84 25 9
Clarivate Analytics Web of Science 145 1 0 21 89 25 9
CABDirect 170 1 0 53 89 18 9
Scopus 174 0 0 56 90 19 9
Interr.1at|onal Veterinary Information 172 0 0 102 61 4 1
Service (IVIS) database
Other sources 4 0 1 0 3 0
Total relevant papers when duplicates removed, following title and abstract screening 11

#Row total does equal total number of results retrieved from IVIS searches, since the single relevant paper was included 5 times in total within

the database search
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Appendix 2: Summary tables and data of included studies

A summary of extracted data for each included study, main limitations of the studies and

conclusions are presented n the tables below.

ACTH = Adrenocorticotrophic hormone

U-MSH= Alpha-Melanocyte-stimulating hormone

CIA = Chemiluminescence assay

Cl = Confidence interval

EDTA = Ethylenediaminetetraacetic acid

ODST = Overnight dexamethasone suppression test

PPID = Pituitary pars intermedia dysfunction

RIA = Radioimmunoassay

ROC = Receiver operating characteristic

TRH = Thyrotropin -releasinghormone

Author, yeatr:

Beech et al., 2007

Type of Journal publication

publication:

Study Design: Case control selection crosssectional study; multiple -gate design
using healthy controls

Aim/Objective of To compare the effect of TRH administration on ACTH

the Study: concentrations in healthy horses and those with PPID and to
compare the TRH stimulation test with the ODST.

Setti ng: Not stated.
n=4 horses at university referral hospital in Canada; all others mid -
Atlantic region of the United States (presumed to have been cases
attending a university referral hospital).

Study Population: No information provided regarding study po pulation selection.

n=48:
Controls: n=29 clinically normal horses (breeds not reported, no
ponies)
1 noclinical signs of PPID
f n=16 aged O10 year<d5yeans=ng4 ag
aged >15 - 20 years
I 20geldings, 1 stallion and 8 mares
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1 within this group, 1 horse developed clinical signs of PPID
after the first TRH test and further tests were performed
when the horse was clinically abnormal

PPID cases: n=15

T 11 horses and 4 ponies with

T n=1 aged O10 vy e ar-s15years, B=3 aggde
>15 - 20 years; n=8 aged >20 years

1 4 geldingsand 11 mares

Horses with equivocal signs of PPID:n=4

9 appearance was suicious but not classical or only had 1
sign suggestive of PPID; none had hypertrichosis

1 n=laged>10 - <l5years; n=1aged >15 - 20years; n=2
aged >20 years

1 3 geldingsand 1 mare

Post mortem examination was undertaken within 22 d ays of a TRH
stimulation test for n=24 animals without signs of PPID, n=4
animals with equivocal signs of PPID, and n=5 animals with signs
of PPID. For one further PPID case, post mortem was undertaken
150 days after TRH test.

Diagnostic
Test/Assay
Investigated:

All except 4 TRH stimulation tests were performed by the same
technicians, and horses were maintained in familiar surroundings.
Animals were catheterised 30 minutes prior to basal sample
collection, and 2 baseline samples were obtained 5 minutes apart.
Blood samples were collected in plastic potassium EDTA tubes and
centrifuged to separate plasma within 45 minutes of collection.
Plasma was stored at-20°Cin plastic tubes, then placed onice
packs, and sent by overnight post to the Animal Health Diagnostic
Center at Corndl University for analysis.

ACTH measured by immunometric chemiluminescence assay (CIA).
Cut-off value of >35 pg/mlused for plasma ACTH concentration at
baseline and both time points following TRH administration.

Outcome
Measures:

Baseline ACTH concentationsin PPID and normal horses.
Secondary outcome was to compare baseline ACTH in PPID and
non-PPID horses to post mortem results.

Main Findings:

All 6 PPID cases and all 4 cases with equivocal clinical signs that
had post mortem examination had histologic evidence of pars
intermedia hyperplasia. Of the 24 clinically normal animals that had
post mortem examinations, 14 had histologic evidence of pars
intermedia hyperplasia.

Baseline ACTH measured for 2 samples obtained Sminutes apart
varied minimally for clinically normal horses but were more variable
in the PPID cases.

Nor mal basal plasma ACTH conceil
1 Clinically normal horses:
G 6/7 tests from 5 controls that did not have post mortem
examination
G 10/10 controls with no pituitary hyperplasia at post
mortem
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G 9/14 controls with pituitary hyperplasia at pos t mortem
9 Equivocalclinical signs horses:
G 3/8 tests from 4 cases with pituitary hyperplasia at post
mortem
1 PPID cases:
G 6/16tests from 9 PPID cases that did not have post
mortem examination
G 2 PPID cases with pituitary hyperplasia at post mortem

Using histopathology as the reference standard, and a cut-off of
>35 pg/ml, basal ACTH had a sensitivity of 71% and specificity of
100%, based on 10 clinically normal animals with no pituitary
hyperplasia and 6 PPID cases with pituitary hyperplasia.

In clinically normal animals, basal ACTH had a sensitivity of 36%
and specificity of 100%, b ased on 10 controls with no pituitary
hyperplasia and 14 controls with pituitary hyperplasia.

For histological diagnosis of PPID (regardless of clinical signs,
combining 6 PPID cases with pituitary hyperplasia and 14 clinically
normal horses with pituitary hyperplasia) using an ACTH cut off of
>35 pg/ml: sensitivity 100%, positive predictive value 72%, and
diagnostic accuracy 72%. No animals without pituitary hyperplasia
had basal ACTH >35pg/ml, therefore it was not possible to
calculate specificity.

Interpretation of
Results:

Small sample size and splitting to subgroups for analysis reduces
study power further. Different subgroups used for classifying
animals based solely on dinical presentation, and for classification
based on both clinical presentation and pituitary histopathology.
Likely that at least a proportion of the study population were from

a referral hospital population but information on sample selection
limited t herefore unable to assess selection bias and ability to
generalise to other equine populations. Using control population
selected based on absence of clinical signs of PPID (i.e. not
suspected PPID cases) may introduce bias to estimates of
diagnostic accuracy. Study uses histopathology as reference
standard for diagnosis of PPID. Baseline ACTH showed variability
between samples collected 5 minutes apart, especially in PPID
cases. Seasonal effect on ACTH observed, but study did not use
seasonally adjusted reference intervals. All horses with
histologically normal pituitary glands h ad low baseline ACTH
concentrations (O 35 pg/ml), b
concentrations were detected in some horses with histological
evidence of PPID. Basal ACTH was shown to havegood sensitivity
and high specificity for diagnosis of PPID.

Author, year:
Type of
publication:

Beechetal.,, 2011a
Journal publication
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Study Design:

Case control selection crosssectional study (for component of
study evaluating measures of ACTH dagnostic test accuracy);
multiple-gate design using healthy controls

Aim/Objective of To compar e -MSHafter aimidistration of TRH, and to
the Study: compare ACTH concentrations after TRH administration with those
following domperidone administration, in healthy horses and horses
with PPID.
Setting: Not stated
Study Population: No information provided regarding study population selection.
Substantial proportion of study population (h=48) also included in
aut horsodé previeas2087).udy (Beech
n=88
Controls: n=69 clinically normal horses (mixed breeds, n=3 ponies)
1 noclinical signs of PPID
1 ofthese animals, ACTH was evaluated for:
G 10 animals with no post mortem
A 5 geldings, 1 stallion, 4 mares; mean age (+
standard deviation) 812 years (r ange 4-11 years)
G 23 with no histologic pituitary changes
A 17 geldings, 6 mares; mean age 8+4 years (range
5-18 years)
G 20 with histologic pituitary hyperplasia or adenoma
A 11 geldings, 9 mares; mean age 16+7 years (range
5-29 years)
PPID cases: n=47
f animalswi t h 02 clinical signs d
PPI D (based on ofberthan hypertiickoais or
abnormal coat shedding, plus pituitary adenoma at post
mortem)
1 postmortem examination performed on 34 PPID cases, all
of which had histologic evidence of pituitary adenoma
M ofthese animals, ACTH was evaluated for:
G 25PPID caes
A 9 geldings, 16 mares; mean age 21+7 years (range
8-30 years); 4 of the 7 ponies/pony crosses in the
study population were in the PPID group
G 10suspected PPID cases
A 7 geldings, 3 mares; mean age 1645 years (range
11-24 years)
Diagnostic Animals were catheterised 30 minutes prior to basal sample
Test/Assay collection, and 2 baseline samples were obtained 5 minutes apart
Investigated: (except one horse with single baseline sample), and mean of the 2

samples was used as baseline value (except one horse with single
sample). Blood samples were collected in glass EDTA tubes and
centrifuged to separate plasma within 2 hours of collection. Plasma
was stored at -70°C in plastic tubes, then placed on ice packs, and
sent by overnight post to the Animal Health Diagnostic Center at
Cornell University for analysis.

ACTH measured with CIA.

Reference interval for basal ACTH 97 35 pg/ml.
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Outcome

ACTH concentrations at baselne and following TRH or

Measures: domperidone in normal and PPID horses. A secondary outcome
was basal ACTHmeasurements taken as part of the stimulation
tests compared between PPID and non-PPID horses.

Main Findings: Baseline ACTH concentrations were significantlyhigher when values

for suspected and confirmed PPID cases were combined (median
52.4 pg/ml), comp ared to clinically normal horses (median 21.2
pg/ml) (p<0.05). Median basal ACTH for confirmed PPID cases
(71.6 pg/ml) was higher than that of suspected PPID cases (24.2
pg/ml); however a statistical comparison of these data was not
presented.

Using at cut-off value of >36 pg/ml, baseline ACTH was reported to
have:

1 sensitivity of 71%; specificity of 96%; diagnostic odds ratio
(DOR) = 54 and diagnostic accuracy of 80% when
confirmed PPID cases (n=25) were compared to clinically
normal horses with normal histopathology (n=23)

1 sensitivity of 65%; specificity of 96%; DOR = 40 and
diagnostic accuracy of 75% when confirmed and suspected
PPID cases combined (n=35) were compared to clinically
normal horses with normal histopathology (n=23)

1 sensitivity of 71%; sp ecificity of 86%; DOR =15 and
diagnostic accuracy of 80% when confirmed PPID cases
(n=25) were compared to all clinically normal horses
(including those with normal histopathology, those with no
post mortem and those with histologic pituitary changes;
n=53)

1 sensitivity of 65%; specificity of 86%; DOR =11 and
diagnostic accuracy of 77% when confirmed and suspected
PPID cases combined (n=35) were compared to all clinically
normal horses (including those with normal histopathology,
those with no post mortem and those with histologic
pituitary changes; n=53)

Interpretation of
Results:

Small sample size and splitting to subgroups for analysis reduces
study power further. Different subgroups used for classifying
animals based solely on clinical presentation, and for classification
based on both clinical presentation and pituitary histopathology.
Subgroup presentation of results is difficult to follow. Likely tha tat
least a proportion ofthe study population were from a referral
hospital population but information on sample selection limited
therefore unable to assess selection bias and ability to generalise to
other equine populations. Not all animals in study p opulation
included in ACTH element of study, and no details of case selection
or reasons for exclusion are provided. Using control population
selected based on absence of clinical signs of PPID (i.e. not
suspected PPID cases) may introduce bias to estimates of
diagnostic accuracy. Study uses histopathology, or a combination of
histopathology and clinical diagnosis of PPID, as reference standard
for diagnosis of PPID against various control subgroups. Seasonal
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effect on ACTH observed, but study did not use seasonally adjusted
reference intervals. Basal ACTH was shown to have good
sensitivity and specificity for diagnosis of PPID, when comparing
PPID and normal horses.

Author, year:
Type of
publication:

Beechet al., 2011b
Journal publication

Study Desig n:

Case control selection crosssectional study; two -gate design using
healthy controls

Aim/Obijective of To compare ACTH and cortisol responses to TRH administration in
the Study: normal horses and in horses with PPID.
Setting: Not stated

Study Populati on:

No information provided regarding study population selection.
Substantial proportion of study population (ACTH data from 15
normal horses and 10 tests in 9 PPID horses) also included in
aut horsoé previeaea.s2067). udy (Beech
n=32
Controls: n=19 clinically normal horses (mixed breeds, no ponies)
1 noclinical signs of PPID
G ofthese animals, 7 had no histologic pituitary changes
at post mortem, 7 had histologic pituitary hyperplasia,
and 5 did not have a post mortem examination
A 11 geldings, 1 stallion, 7 mares; mean age 10.5+55
years (range 2-25 years)
PPID cases: n=13
1 1 case receiving pergolide treatment
T 8 horses and 2 ponies had 0)
G ofthese animals, 3 had pituitary macroadenomas and 2
had microadenomas at post mortem, and 5 did not have
a post mortem examination
1 3 horses had mild signs of PPID
G ofthese animals, 1 had pituitary ma croadenomas and 2
had microadenomas at post mortem
1 2 geldings, 11 mares; mean age 22.2+6.5 years (range 13 -
34 years)

Diagnostic
Test/Assay
Investigated:

All TRH stimulation tests were performed by the same technician,
and horses were maintained in familiar surroundings. Animals were
catheterised 30 minutes prior to basal sample collection. Blood
samples were collected in plastic EDTA tubes and centrifuged to
separate plasma within 45 minutes of collection. Plasma was stored
at -20°Cin plastic tubes, then placed on ice packs, and sent by
overnight post to the Animal Health Diagnostic Center at Cornell
University for analysis.

ACTHmeasured with CIA.

Reference value for basal ACTH was <35 pg/ml.

Control horses:
9 all controls had a single TRH stimulation test
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1 16tested December-March, 1 in April, 1 in July, and 1 in
August

PPID cases:
M 2 ofthe 13 cases had 3 TRH stimulation tests and all others
had single test
1 12tests performed December-March, 2 in May, 1 in August,
1 in October and 1 in November

Out come Baseline ACTH concentrations, and ACTH and cortisol responses to
Measures: TRH administration in normal and PPID horses.
Main Findings: Elevated basal ACTH (>36 pg/ml):

1 PPID group: 10/17 tests from 13 horses

1 Controlgroup: 1/19 horses
Mean basal ACTH for PPID cases (78.0 pdml) significantly higher
than that of clinically normal controls (21.0 pg/ml).

Using at cut-off value of >36 pg/ml, baseline ACTH was reported to
have:
1 sensitivity of 59% and specificity of 94%

Interpretation of
Results:

Smadl sample size. Likely that at least a proportion ofthe study
population were from a referral hospital population but information
on sample selection limited therefore unable to assess selection
bias and ability to generalise to other equine populations. Using
control population selected based on absence of clinical signs of
PPID (i.e. not suspected PPID cases) may introduce bias to
estimates of diagnostic accuracy. Reference standard used for
calculation of sensitivity and specificity of basal ACTH not clearly
stated. Tests undertaken in different months but study did not use
seasonally adjusted reference intervals. Interpretation of results
challenging as some horses had multiple tests included in analysis
and one PPID horse was receiving treatment with pergolide,
although its ACTH levels were reported not be significantly different
from the other PPID horses. Basal ACTH was shown to have had
good specificity but moderate sensitivity for diagnosis of PPID,
when comparing PPID cases with normal horses.

Author, year:

Couétilet al., 1996

Type of Journal publication

publication:

Study Design: Case control selection crosssectional study; two -gate design using
healthy controls

Aim/Objective of To compare basal ACTH concentrations between normakhorses and

the Study: horses with PPID. Secondary objectives were to determine whether
ACTH concentrations differed between normal horses and ponies,
and whether ACTH quantification in plasma was affected by blood
sample handling techniques.

Setting: University referral hospital

Study Population: Study population comprised horses/ponies presented to a single

university referral hospital over a 1 -year period.
n=49
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Controls: n=27 clinically normal animals (18 horses and 9 ponies)

i determined to be normalon clinical examination,
haematology and biochemistry

1 norecent history of corticosteroid or exogenous ACTH
administration
G horses: 9 geldings/stallions, 9 mares; n=6 aged <10

years, n=5aged 11-15 years, n=4 aged 16-20 years

_and n=3 aged >20 years; mean age 13.7 years

G ponies: 1 gelding/stallion, 8 mares; n=7 aged <10 years
and n=2 aged 11-15 years; mean age 6.7 years

PPID cases: n=22 (11 horses and 11 ponies)

1 n=18clinically diagnosed based on hypertrichosis or
abnormalhaircoatshe ddi ng, pl us O1 ofot
PPID

1 n=4with post mortem histological evidence of pituitary
adenoma (including 1 horse with no clinical signs)

G horses: 6 geldings/stallions, 5 mares; n=1 aged <10
years, n=2 aged 11-15years, n=1 aged 16-20 years
and n=7 aged >20 years; mean age 21.5 years

G ponies: 5 geldings/stallions, 6 mares; n=1 aged 11 -15
years, n=1 aged 16-20 years and n=9 aged >20 years;
mean age 21.4 years

Diagnostic Blood sample collection performed between 9-12am, and

Test/Assay horses/ponies stabled with access to water and hay during the

Investigated: sampling period. Blood samples were collected in EDTA glass tubes,
kept chilled in iced water, then centrifuged at 15009 at room
temperature for 10 minutes, within 15 minutes of sample collection.
EDTA plasma then transferred into plastic tubes and stored frozen
at -20°C and analysed within a week of sample collection.
ACTH measured with a commercial human ACTH
radioimmunoassay (RIA). Intra-assay and inter-assay variations, as
were determined during the RIA validation.

Outcome Baseline ACTH concentrations in healthy controls and PPID cases,

Measures: and following different sample handling protocols.

Main Findings: Mean basal ACTH concentrations:

1 Controlgroup:

G horses 18.68 + 6.79 pg/ml

G ponies 8.35 + 2.92 pg/ml

G no statistically significant difference between age groups
f PPID group:

G significantly higher than control animals (p<0.001)

G horses 199.18 +182.82 pg/ml

G ponies 206.21+319.56 pg/ml

G no statistically significant difference between age groups

Diagnostic cut-off points chosen arbitrarily as halfway between

logarithmic mean ACTH concentration for PPID and control groups:

horses 50 pg/ml and ponies 26.96 pg/ml.

Using these cut-off values, basal ACTH was reported to have:
1__sensitivity of 90.9% and s pecificity of 100% in hors es
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1 sensitivity of 81.8% and specificity of 100% in ponies

Interpretation of
Results:

Small sample size. Limited information regarding selection of cases
and controls, although sample selection likely to introduce bias.
Inclusion criteria for PPID group likely to have selected for cases
with advanced disease. Using control population selected based on
absence of clinical signs of PPID (i.e. not suspected PPID cases)
may introduce bias to estimates of diagnostic accuracy. Clinical
signs (hypertrichosisorab nor mal hair coat s
clinical sign of PPID) used as reference standard for calculation of
sensitivity and specificity of basal ACTH, with the exception of one
case without hypertrichosis that had post mortem c onfirmation of
pars intermedia adenoma. Sensitivity and specificity calculated
based on the markedly different diagnostic cut -off points derived
for horses and ponies, and no overall measures of diagnostic test
accuracy are presented. Study conducted overa 1-year period but
did not use seasonally adjusted reference intervals. Basal ACTH
was shown to have had good sensitivity and excellent specificity for
diagnosis of PPID, when comparing PPID cases with normal
horses/ponies.

Author, yeatr:

Horn et al., 2020

Type of Journal publication

publication:

Study Design: Case control selection with repeated crosssectional studies; two-
gate design using healthy controls

Aim/Obijective of To compare measures of diagnostic accuracy ofbaseline and post-

the Study: TRH stimulation plasma ACTHconcentrations in horses using
diagnostic cut-off values and reference intervals

Setting: Not stated

Study Population: No information provided regarding study population selection.

Study population were enrolled over a 24 month period, and each
horse was followed for up to 12 months.
n=106 horses (aged O10 years; |
considered to be healthy other than clinical signs of PPID amongst
cases. Enrolled horses had rot received pergolide treatment in the
12 months priorto the study, and had not travelled within the 24
hours prior to sampling.
1 53 geldings, 4 stallions and 49 mares
9 breeds included were: Australian Stock Horse (n=35),
Standardbred (n=24), Warmblood (n=18), Thoroughbred
(n=12), Arab (n=7), Quarter Horse (n=4), and mixed
breeds (n=6)

Controls: n=72 clinically normal horses
1 noclinical signs of PPID during the study
9 outlying values for basal or 30 minute post-TRHACTH
concentration returned from
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month period (not stated, but presumably this crite rion
applied solely to high outlying values)

1 in subset where post mortem examination was undertaken,
findings not consistent with pituitary adenoma (number of
controls with post mortem not reported)

G median age 16 years (range 107 27 years)

PPI D cases: n=34 horses, wi t h

9 clinical signs consistent with PPID (hypertrichosis or delayed
shedding and epaxial muscle wastage, abnormal fat
distribution or abnormal sweating)

1 post mortem findings confirming or excluding pituitary
adenoma or hyperplasia

9 outlying values for basal or 30 minute post -TRHACTH
concentration retur neeadinfhel®m
month period
G median age 22 years (range 11 i 31 years); significantly

greater than control group (p<0.001)

Diagnostic
Test/Assay
Investigated:

Horses were sampled once monthly (during the second week of
each month) forup to 12 months. Sampl es were collected with
horses in familiar surroundings (either home premises or in
paddocks at the institution where the study was undertaken), with
ad libitum access to food and water prior to and following
sampling. Samples were collected by venipuncture(horses were
not catheterised) at baseline and at 30 minutes following TRH
administration. Blood was collected into plastic EDTA vacutainer
tubes, then kept onice, centrifuged and separated within 2 hours
of collection. ACTH measured using CIA (Immulite 1000 assay)
within 8 hours of collection.

Outcome
Measures:

Sensitivity, specificity, positive likelihood ratios and diagnostic
accuracy (area under the ROCcurve) of ACTH compared to
reference standard comprising the eligibility criteria used to define
PPID cases.

Youdends index used t ooffdaduesithate |
optimise differentiating ability (between diseased and non -diseased
animals) when equal weight is given to sensitivity and specificity.
Monthly reference intervals for ACTH were derived from th e control
population using Box-Cox transformation and bootstrapping.

Main Findings:

Youdends index derived rofivalties | y
ranged from a minimum of 24.0pg/mlin June (winter in Southern
hemisphere) to a maximum of 79.1 pg/mlin April (autumnin
Southern hemisphere).

The upper limit of derived monthly reference intervals ranged from
a minimum of 28.6pg/mlin October, based on 42 control horses, to
a maximum of 138.0pg/mlin March, based on 50 control horses.
Using derived the upper limit of derived reference intervals resulted
in lower sensitivity and higher specificity for basal ACTH compared
to using the derived diagnostic cut -off values (p=0.002 and
p=0.01, respectively).
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Greatest sensitivity identified in April (autum n), using cut-off value
of 79.1pg/ml. Using this cut -off value, basal ACTH was reported to
have:

1 sensitivity of 100% (95% CI 64.6 -100%) and specificity of
95.4% (95% CI 84.5 -99.2%), positive likelihood ratio =
21.5(95% CI 4.98 -56.0) and area under ROC curve 0.99
(n=7 PPID cases and n=44 controls)

Greatest specificity identified in May (autumn), using cut -off value
of 41.6pg/ml. Using this cut -off value, basal ACTH was reported to
have:
9 sensitivity of 88.9% (95% CI 56.5 -99.4%) and specificity of
97.8% (95% CI 88.7-99.9%), positive likelihood ratio =
40.9 (95% CI 5.8 -281.0) and area under ROC curve 0.93
(n=9 PPID cases and n=46 controls)

Lowest sensitivity identified in November (spring) and December
(summer). Only November data extracted here due to slighter
larger sample size included. Using the November cut-off value of
25.7pg/ml, basal ACTH was reported to have:
1 sensitivity of 80.0% (95% CI 49.0 -96.5%) and specificity of
72.5% (95% CI 57.2 -83.9%), positive likelihood ratio = 2.9
(95% CIl 1.62 -5.20) and area under ROC cuve 0.84 (n=10
PPID cases and n=41 controls)

Lowest specificity identified in March (autumn), using cut -off value
of 58.3pg/ml. Using this cut -off value, basal ACTH was reported to
have:
1 sensitivity of 85.7% (95% CI 48.7 -99.3%) and specificity of
63.3% (95% CI1 49.3 -75.3%), positive likelihood ratio = 2.3
(95% CI 1.45-3.75) and area under ROC curve 0.82 (n=7
PPID cases andn=50 controls)

Interpretation of
Results:

ACTH cutoff values and reference intervals derived and these
values were then used to assess diagnostictest accuracy. Variable
sample size per month (between 49 and 57 horses in total per
month)included in data analyses. Seasonal variations seen may not
be directly comparable to the climate in the northern hemisphere.
Eligibility criteria for defining PPID cases used as reference
standard for calculation of sensitivity and specificity of basal ACTH,
effectively forming a composite reference standard. However, not
all PPID cases had each of the 3 eligibility criteria, and no details
regarding the frequency of clinical signs, post mortem pituitary
abnormalities or recurrent outlying ACTH values are reported.

Using control population selected based on absence of clinical signs
of PPID (i.e. not suspected PPID cases) may introduce biss to
estimates of diagnostic accuracy. Horses with outlying ACTH results
occurring on 3-5 occasions during the 12 month study period were
excluded. Results reported separately for each month, and no
overall measures of diagnostic test accuracy are presented. Basal
ACTH was shown to have had good sensitivity and specificity for
diagnosis of PPID, when comparing PPID cases horses without
clinical signs of PPID. Sensitivity for basal ACTH was greater whee
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derived diagnostic cut-off values were used to define a positive
result, whereas the higher ACTH values derived as the upper limit
of monthly reference intervals provided greater specificity.

Author, year:

Horowitz et al., 2003

Type of Conference abstract

publication:

Study Design: Case control selectioncross-sectional study; two -gate design using
healthy controls

Aim/Obijective of To comp ar-BS kb aendbiphinédnd ACTH concentrations

the Study: between normal horses and horses with PPID, and to determine
sensitivity and specificity of these values for diagnosis of PPID
when compared to the ODST.

Setting: Not stated

Study Population:

No information provided regarding study population selection.
n=63, classified as PPID cases or normal controls based on the
results of ODST

Controls: n=38 age-matched controls; mean age 22.5+2.9 years
PPID cases: n=25; mean age 21.3+4.7 years

Diagnostic Blood was collected in EDTA tubes and stored at-80°C prior to

Test/Assay analysis. ACTH measured at the Michigan State Endocrinology

Investigated: Laboratory using RIA.

Outcome ACTH tests results compared toODST diagnosis. ROC curve used

Measures: to derive ACTH cut-off value that optimised sensitivity and
specificity.

Main Findings: Mean basal ACTH concentrations:

1 Control group:
G 8.0+ 9.1 pmoll/l (equivalentto 36.3 +41.3 pg/ml)
1 PPID group:
G significantly higher than control animals (p<0.001)
G 33.7+23.5 pmol/l (equivalent to 153.0 + 106.7 pg/ml)
Using a diagnostic cut-off point of 11 pmol/l (equivalent to 49.95
pg/ml), derived from ROC curve analysis, basal ACTH was reported
to have:
1 sensitivity of 84% and specificity of 89.5%
UMS H a +erddorghin significantly higher in PPID group
compared to control s-M3H tam dp <@0
endorphin had a sensitivity of 88% and specificity of 84.2%.

Interpretation of
Results:

Conference abstract with limited information provided. Small
sample size. No description of sample selection, nor clinical signs
exhibited by included animals therefore unable to determine if

study population is appropriate for a diagnostic test accuracy study.
Unable to determine whether results are generalisable to other
populations. ODST used as reference standard for calculation of
sensitivity and specificity of basal ACTH. Basal ACTH was shown to
have had good sensitivity and specificity for diagnosis of PPID,
when comparing PPID cases with normal horses.
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Author, year:
Type of
publication:

McGowanet al., 2013b
Journal publication

Study Design:

Cohort selection crosssectional study; single gate

Aim/Obijective of
the Study:

To eval ua-M®HabdaAETH conténtrations for the
diagnosisof PPIDn a popul ati on of hors

Setting:

Field based

Study Population:

Study population were selected from a subset of animals in a
preceding crosssectional study of geriatric horses.

n=974 horses (aged O15 year $om
members of an equestrian organisation, from which n=340
subgroup selected by geographic location for veterinary clinical
examination and endocrine tests (n=339).

Of this subgroup, n=325 had ACTH assay performed, of which 304
included in final analysis for ACTH

n=21withowner-r eported history of hy|
clinical signs of PPID excluded from analysis

Controls: n=281 had no clinical evidence of PPID, of which 280
included in final analysis for ACTH

PPID cases: n=27 had hypertrichosis pl us O3 ot her
historical clinical signs of PPID (based on both veterinary clinical
examination findings and owner-reported questionnaire data), of
which 24 included in final analysis for ACTH

Diagnostic
Test/Assay
Investigated:

Blood samples collected prior to moving the horse and clinical
examination, to minimise stress or excitement. Blood was collected
into glass EDTA vacutainer tubes, then immediately centrifuged at
1000g for 10 minutes using a portable centrifuge. EDTA plasma
was then placed onice packs before storage at -80°C (within 6
hours) until being shipped frozen to the laboratory for analysis (1 -
24 months after sample collection). ACTH measured using CIA
(Immulite 1000 assay).

Outcome
Measures:

Sensitivity, specificity, positive and negative predictive values, and
positive and negative likelihood ratios of ACTH compared to
reference standard of hypertri
PPID (based uponresultsofoneway ANOVA cev8Har
and ACTH concentrdionsin horses with owner-reported
hypertrichosis and 0-12 other clinical signs).

Youdendés i ndex us e-dff vdlue that @ptimisese
differentiating ability (between diseased and non -diseased animals)
when equal weight is givento sensitivity and spedficity.

PPID prevalence estimate of 13%, based owner-reported
hypertrichosis, used for calculation of ACTH sensitivity, specificity,
predictive values and likelihood ratios.

Main Findings:

ACTH showed a moderate positive correlation (=0.69; p<0.001)
with total number of clinical and historical indicators of PPID, in
animals with owner-reported hypertrichosis.

Youdends index der i voffdaluesi agnos
Non-autumn seasons: 29.7pg/ml
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Autumn: 77 .4pg/ml

Using these cut-off values, basal ACTH was reported to have:

1 sensitivity of 80.0% and specificity of 82.5% in non -autumn
seasons (JuneFebruary) (=20 PPID cases and n=217
controls)

1 sensitivity of 100% and specificity of 95.2% in autumn
(March-May) (h=4 PPID cases and n=63 controls)

Interpretation of
Results:

ACTH cutoff values derived in a field -based population and these
values were then used to assess diagnostictest accuracy. Samples
were collected in field conditions but confined to a geographically
convenientarea. Small sample size of animals samples during
autumn. Seasonal variations seen may not be directly comparable
to the climate in the northern hemisphere. Clinical signs
(hypertrichosis plus O3 other
reference standard for calculation of sensitivity and specificity of
basal ACTH. Inclusion criteria for PPID group likely to have selected
for cases with advanced disease. Using control population selected
based on absence of clinical signs of PPID (i.e. not suspected PPID
cases) may introduce bias to estimates of diagnostic accuracy.
Ani mals with hypertrichosis pl
were excluded. Results reported separately for autumn and non-
autumn period, and no overall measures of diagnostic test accuracy
are presented. Basal ACTH was shown to have hal good sensitivity
and specificity for diagnosis of PPID, when comparing PPID cases
with geriatric horses/ponies without clinical signs of PPID. Measures
of diagnostictest accuracy for basal ACTH were greater during the
autumn compared to other seasons combined.

Author, year:

Perkinset al., 2002

Type of Journal publication

publication:

Study Design: Case control selection crosssectional study (for component of
study evaluating measures of ACTH diagnostic test accuracy); two-
gate design using combination of healthy controls combined with
suspected cases

Aim/Objective of To validate the CIA for ACTH and to calculate the sensitivity and

the Study: specificity of plasma ACTH levels for detecting PPID.

Setting: New York State Diagnostic Laboratory
Population for evaluating ACTH sensitivity and specificity from
university referral hospital.

Study Population: Retrospective review of referral hospital clinical records from April

1997 to December 1998, to collate clinical data for animals that
had ACTH sanples within that period. Data collected included age,
month of sampling, ACTH concentration, hypertrichosis, laminitis,
lethargy and other signs of PPID, plus any other diagnosis.
Histologic evidence of pituitary hyperplasia was recorded for cases
undergoing post mortem examination (n=6).

n=68

Controls: n=29
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1 noclinical signs consistentwith PPID or had alternative
definitive diagnosis that explained clinical signs

G age and sex data only reported combined with possible
PPID group; overall median age 16 years (range 2-21
years)

PPID cases: n=19
1 based on hypertrichosis

G 9 mares, 2 stallions and 8 geldings; median age 21
years (range 13-32 years)

G breed data appear to be reported erroneously: text
results state 2 of 5 ponies had hypertrichosis, yet table
displays 0% for pony breed in PPID group

Possible PPID cases: n=20
9 clinical signs consistent with PPID (listed as recurrent
laminitis, lethargy, obesity, secondary infections,
polyuria/polydipsia and muscle wastage), but not
hypertrichosis

G age and sex data only reported combined with control

group; overall median age 16 years (range 2-21 years)

Diagnostic No information regarding blood sampling or sample handling

Test/Assay reported. ACTH assumed to be measured with CIA (Immulite),

Investigated: since it was the assay validated in another phase of this study.
Laboratoryds pr ewstiocutsffvaluedoe PRIDv e {
was used (>35 pg/ml; based on data from young -mature horses
and ponies). The intra-assay coefficient of variation was
determined on samples for each of 4 equine plasma samples
(mean 9.3%). Inter -assay precision on 2 equine plasma samples
assayed for 25 consecutive runs over a month (9.1% for low
controland 7.0% for high control).

Outcome Basal ACTH concentration

Measures:

Main Findi ngs: Elevated ACTH significantly associated with PPID group (defined

based on hypertrichosis; p<0.0
samples obtained between October-April, was not associated with
elevated ACTH (p=0.88). Of the 6 animals that had post mortem
examination, 4 cases had no gross evidence of pituitary
enlargement and all had normal ACTH level, while the remaining 2
had histological evidence of pituitary adenomatous hyperplasia, of
which one had normal ACTH (on several occasions) but did have
hypertrichosis and severe hyperhidrosis. Which group these 6
animals were in is not reported.
Using a diagnostic cut-off point of >35 pg/ml, basal ACTH was
reported to have:

1 sensitivity of 84% (95% CI 60 -97%) and specificity of 78%

(95% CI 63 -88%)

Interpretat iono f
Results:

First phase of the study demonstrated the ACTH was valid for use
in horses. Insufficient information provided to assess methods used
by laboratory to derive cut -off value for ACTH. Small sample size.
Subject to inherent biases affecting retrospective studies, including
potential for missing data or data not accurately recorded in clinical
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records. Hypertrichosis used as sole criterion used for clinical
reference standard. An alternative definitive diagnosis to explain
clinical signs may not have been sufficient to exclude PPID cases
from the non -PPID control group. Using control population selected
based on absence of clinical signs of PPID (i.e. not suspected PPID
cases) may introduce bias to estimates of diagnostic accuracy.
Study conducted over a 21-month period but did not use
seasonally adjusted reference intervals. Basal ACTH had good
sensitivity and specificity for diagnosis of PPID. Sensitivity and
specificity presumed to be against non-PPID control and possible
PPID groups combined however thisis not stated and no raw data
are presented.

Author, year:

Rendleet al., 2015a

Type of Journal publication

publication:

Study Design: Case control selection crosssectional study; two -gate design using
healthy controls

Aim/Objective of To determine whether the mean of two paired measurements of

the Study: ACTH concentration is more reliable in assessing PPID than a single
measurement.

Setting: Two university referral hospitals (USA and Australia) and one
private referral hospital (UK).

Study Population: Retrospective data collection from review of referral hospital clinical
records and prospective data collection from research herds.
n=250; median age 16 years (range 3 -33 years)

Controls: n=50 horses (n=63 paired samples)

1 noclinical suspicion of PPID
PPID cases: n=76 horses (n=90 paired samples)

1 receiving treatment with pergolide
Possible PPID cases: n=124 horses (n=148 paired samples)

1 being investigated for PPID
Histological examination was performed for n=67 untreated horses,
by board-certified pathologists at a single institution, and PPID was
diagnosed where there was par intermedia adenomatous
hyperplasia, microadenoma or macroadenoma.

1 n=44 horses had histological changes

1 n=23horses considered to have normal pars intermedia
Histology used as reference standard for evaluation of ACTH
diagnostic test accuracy.

Diagnostic Paired blood samples collected 515 minutes apart, then chilled and

Test/Assay centrifuged. Plasma was then refrigerated and analysed within 24

Investigated: hours or frozen at -20°C or -80°C for up to 4 weeks prior to

analysis. Results of analysis of the first sample were used as the
single sample result.

Used seasonally adjusted reference intervals of <29pg/ml for non -
autumn (November-July) and <47pg/mlfor autumn (August-
October). It is not reported, but presumably autumn months were
altered accordingly for samples obtained in Australia.
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ACTH measured with CIA (Immulite). The coefficient of variation
was determined over a range of concentrations as 6%, and for
values between 20 and 39 pg/ml, the median coefficient of
variation was 9.0%.

Outcome
Measures:

Agreement between single and paired ACTH samples for diagnosis
of PPID, based on seasonally adjusted reference intervals. ROC
curve used to derive ACTH cut-off values for single and paired
samples that optimised overall diagnostic accuracy (% correctly
classified). Sensitivity and specificity for ACTH calculated for both
single and paired measurements.

Main Findings:

Of the 211 samples from untreated ho rses (both PPID positive and
negative), single and paired tests were in agreement in 205 cases
(97.2%). All 6 cases in which results were notin agreement were
tested in the non -autumn period, and close to the cut -off point
(median 29.2pg/ml).

Single ACTHmeasurements did not agree with histopathology
results in 31.3% of cases (n=21/67; 19 false negatives and 2 false
positives): ACTH for these cases n=1 >39pg/ml; n=9 20 -39pg/ml
and n=11 <20pg/ml.
Not reported, but calculated from these data, basal ACTH woud
have:
1 sensitivity 0f 56.8% (95% Cl 41.0 -71.7%) and specificity of
91.3% (95% CI 72.0 -98.9%)
For single samples:
Using a diagnostic cut-off point of >21.3 pg/ml (selected to give
greatest diagnostic accuracy), basal ACTH was reported to have:
1 sensitivity of 69.4% and specificity of 80.9%
Using a diagnostic cut-off point of >23.6 pg/ml, basal ACTH was
reported to have:
1 sensitivity of 61.1% and specificity of 95.2%

Mean of paired ACTH measurements did not agree with
histopathology resultsin 32.8% of cases (n=22/67; 20 false
negatives and 2 false positives): mean ACTH for these cases n=1
>39pg/ml; n=10 20 -39pg/mland n=11 <20pg/ml.
Not reported, but calculated from these data, mean paired ACTH
would have.
1 sensitivity 0f 54.6% (95% Cl 38.9 -69.6%) and specificity of
91.3% (95% CI 72.0 -98.9%)
For paired samples:
Using a diagnostic cut-off point of >21.9 pg/ml (selected to give
greatest diagnostic accuracy), mean ACTH was reported to have:
1 sensitivity of 72.2% and specificity of 76.2%
Using a diagnhogic cut-off point of >23 pg/ml, mean ACTH was
reported to have:
9 sensitivity of 66.7% and specificity of 85.7%

Interpretation of
Results:

Histopathology was only available for subset of cases. Limited
information provided on selection of study sample and no details of
clinical signs, therefore it is not possible to determine whether the
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control group (no histologic evidence of PPID) presented with
clinical signs. Subject to inherent biases affecting retrospective
studies, including potential for missing data or data not accurately
recorded in clinical records. No information is provided regarding
which of the 2 groups (being investigated for PPID or no clinical
suspicion of PPID) that the 67 horses with post mortem histology
were in. Details of time interval between ACTH measurement and
post mortem examination for histopathology not reported. Study
uses histopathology as reference standard for diagnosis of PPID.
Cut-off values used for initial comparison with histopathology not
clearly stated, but presumed to be based on the seasonally
adjusted reference intervals provided in the methods section. The
season(s) in which the 67 cases were sampledis not reported.
Sensitivity and specificity of single and paired samples using the
cut-off points based on the seasonally adjusted reference intervals
are not reported (however these were calculated from raw data
presented). The vast majority of cases with histologic evidence of
PPID incorrectly classed as negative on single ACTH measurement
had equivocal results close to the non-autumn cut-off value (29
pg/ml). Rationale for selecting a cut -off value ~23 pg/ml for both
single and paired samples not reported. Using the mean value of
paired ACTH tests did not have a diagnostic benefit over a single
basal sample. Basal ACTH had raltively low sensitivity and
moderate-good specificity for diagnosis of PPID at cut-off points
selected to optimise overall diagnostic accuracy, which are
considerably lower than those used by the participating institutions.

Author, yeatr:

Sojkaet al., 2006

Type of Conference abstract
publica tion:
Study Design: Case control selection crosssectional study; two -gate design using
healthy controls
Aim/Obijective of To investigate the effect of domperidone on ACTH concentrations
the Study: in horses with and without histologically -confirmed tumours ofthe
pars intermedia.
Setting: Not stated
Study Population: No information provided regarding study population selection.
n=7
Controls: n=2
1 average age 14.5years (12 and 17 years)
PPID cases: n=5
I average age 22.2 years (range 17-35 years)
Diagnostic Blood samples were collected into siliconecoated EDTA tubes and
Test/Assay plasma was separated within 15 minutes of collection and frozen
Investigated: prior to analysis. Further blood samples were obtained 4 and 8
hours following oral administration of 1.5g domperidone.
ACTH measured using CIA.
Outcome ACTH response following administration of domperidone.
Measures: Secondary outcome was comparison of basal ACTH concentrations

with gross and/or histologic evidence of pars intermedia adenoma.
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Main Findings:

Basal ACTHconcentrations:
1 Controlgroup:
G 20.5and 37.1 pg/ml (mean 28.8 pg/ml)
1 PPID group:

G 37.8,25.8,30.8,271.0,and 77.0 pg/ml(mean 77.5 +
104.0 pg/ml)

G 3/5 PPID cases had baseline ACTH values witin
reference interval (10-59 pg/ml) therefore would not
have been diagnosed with PPID

Not reported, but calculated from these data, using a cut -off value
of >59 pg/ml basal ACTH would have:
T sensitivity of 40.0% (95% Cl 5.3 -85.3%) and specificity of

100% (95% Cl 15.8-100%)

Using a cut-off value of >29 pg/ml (upper imit of non -autumn
reference interval determined by Copas & Durham, 2012), 4/5
cases with histologic changes and 1/2 controls would have been
diagnosed with PPID, and basalACTH would have:

1 sensitivity of 80.0% (9 5% Cl 28.4 - 99.5%) and specificity

0f50.0% (95% Cl 1.2 -98.7%)

Interpretation of
Results:

Conference abstract with limited information provided. Very small
sample size with no details of case selection or clinical signs
provided, therefore it is not possible to determine whether the
control group (no histologic evidence of PPID) presented with
clinical signs. Unable to determine whether results are
generalisable to other populations. Details of time interval between
ACTH measurement andpost mortem examination for
histopathology not reported. Study uses histopathology as
reference standard for diagnosis of PPID. Time of year samples
taken not reported and single cut -off value of >59 pg/mlused for
ACTH diagnosis of PPID. Sensitivity andspecificity are not reported
(however these were calculated from raw data presented). Two of
the five cases with histologic evidence of PPID classed as negative
on basal ACTH measurement had equivocal results. Using a cutoff
value of >59 pg/ml, basal ACTH had low sensitivity and 100%
specificity, when comparing PPID cases to two control animals
without pars inte rmedia adenomas.

Author, year:

van der Kolk et al., 1995

Type of Journal publication

publication:

Study Design: Case control selection crosssectional study; two -gate design using
healthy controls

Aim/Obijective of To determine the sensitivity of measuring basal plasma ACTH

the Study: concentration for the detection of pars intermedia adenoma
(plasma glucose, cortisol and insulin, as well as urinary
concentration of corticoids and urinary corticoid:creatinine ratio
were also evaluated, but are not reported here as not relevant to
systematic review).

Setting: University referral hospital
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Study Population:

PPID cases examined between February 190 and November 1993
identified from review of referral hospital clinical records.
Controls: n=7
1 clinically healthy Dutch Warmbloods
G 4 geldings, 3 mares; mean age 10 + 1.5 years (range 7 -
17 years)
PPID cases: n=24
1 11 Dutch Warmbloods and 13 ponies
G 12 geldings, 12 mares; mean age 20 + 1.2 years (range
12-30years)
1 presented for investigation of suspected PPID due to
presence of hypertrichosis
1 all had histologically confirmed pituitary pars intermed ia
adenomas
G n=16 cases had basal ACTH measured

Diagno stic Blood samples collected in EDTA tubes at 9am, then centrifuged at

Test/Assay 15009 for 10 minutes at 4°C. Plasma was separated and stored as

Investigated: 2mlsamples at -20°C priorto analysis. ACTH measured with RIA.
Intra-assay and inter-assay ccefficients of variation ACTH were 8%
and 12%, respectively. Mean ACTH plus 2 x standard deviation
from control horses used to diagnostic determine cut -off value.

Outcome Basal AOH concentrations in healthy controls and cases presenting

Measures: with hy pertrichosis and being investigated for PPID. Sensitivity of
ACTH for detecting pars intermedia adenoma.

Main Findings: Basal ACTH concentrations:

1 Control group:
G 30z (standard error) 5.0 pg/ml (range 10 -50 pg/ml)
G cut-off value of 55 pg/ml calculated
1 PPID group (n=16/24):
G 489+ 84.8 pg/ml (range 104 -1000 pg/ml)
Using a diagnostic cut-off point of >55 pg/ml, and 16 PPID cases,
basal ACTH was reported to have:
9 senstivity of 100%

Interpretation of
Results:

Small sample size and no explanation providel as to why basal
ACTH measurements were not available for 8 of the 24 PPID cases.
PPID cases all from referral hospital population, and no details
provided regarding selection of control population. Details of t ime
interval between ACTH measurement and post mortem
examination for histopathology not reported. Using control
population selected based on absence of clinical signs of PPID (i.e.
not suspected PPID cases) may introduce bias to estimates of
diagnostic accuracy. Study uses histopathology as reference
standard for diagnosis of PPID. Diagnostic cut-off determined by
mean plus 2 x standard deviation from small sample of clinically
normal animals; however data are presented as means + standard
error. Time of year samples taken not reported and single cut-off
value used for ACTH diagnosis of PPID. Study desigh meant only
sensitivity could be calculated for ACTH. Using a cutoff value of
>55 pg/ml, basal ACTH had 100% sensitivity for identifying PPID
cases.
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Appendix 3: QUADAS-2 assessmentfor diagnosti ¢ accuracy studies

QUADAS-2 quality assessment for diaEnostic accuracy studies

Study reference Risk of Bias Applicability Concerns
Pgl'tlrlPant Index test Reference Fl?w‘ and Partlclg)ant Index test Reference
selection standard timing selection standard

Beech et al., 2007
Beechetal., 20011a
Beech et al., 2011b
Coutéil et al., 1996
Horm et al., 2020
Horowitz et al., 2003
McGowan et al., 2013b
Perkins et al., 2002
Rendle et al., 2015a

Sojka et al., 2006

van der Kolk et al.. 1995
Key:

- Low risk of bias/applicability concem(s)
?  Unclear risk of bias or applicability concern(s)/insufficient data reported

- High risk of bias/applicability concern(s)
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Chapter 4

Efficacy of pergolide for the management of equine

pituitary pars intermedia dysfunction:

A systematic review
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Efficacy of pergolide for the management of equine pituitary pars

intermedia dysfunctio  n:A systematic review

The following chapter collates and reviews literature pertaining to the treatment of PPID

with pergolide, and is presented as it was published in The Veterinary Journal.

Reference Tatum RC, McGowan CM, Ireland JL(2020). Efficacy of pergolide for the
management of equine pituitary pars intermedia dysfunction: A systematic review. The
Veterinary Journal 266: 105562.

Summary

Pergolide, a dopamine agonist, is commonly administered to manage pituitary pars
intermedia dysfunction (PPID), a progressive neurodegenerative disease prevalent in aged
horses. However, available evidence regarding p
endocrine parameters is limited. The aim of this systematic review was to assess published
literature and evaluate evidence regarding whether pergolide treatment results in
improvement of clinical signs and/or adrenocorticotrophic hormone (ACTH) concentration
compared to no treatment or other unlicensed treatments. Systematic searches of electronic
databaseswere undertaken in April 2019, repeated in August and October 2019, and
updated in July 2020. English language publications published prior to these dates were
included. Screening, data extraction and quality assessment of publications was undertaken
individually by the authors using predefined criteria and subsequently cross-checked.
Modified critically appraised topic data collection forms were used to extract data. Due to

marked between-study variations, meta-analysis was not undertaken.

After removal of duplicate records; 612 publications were identified, of which 129 abstracts
were screened for eligibility and 28 publications met criteria for inclusion in the review. Most
studies were descriptive case series, cohort studies or non-randomised, uncontrolled field
trials. Despite marked variation in study populations, case selection, diagnostic protocaols,
pergolide dose, follow-up period and outcome measures, in the vast majority of the included
studies, pergolide was reported to provide overall clinical improvementin >75% of cases.
However, reported improvements in individual clinical signs varied widely. A reductionin
plasma ACTH concentrations was reported in 4474% of cases, while normalisation to within

reported reference intervals occurred in 28-74% of cases.
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Introduction

Pituitary pars intermedia dysfunction (PPID) is the most prevalent endocrine disorder of

ol der horses (McGamvdnet@ll 3013ak This demographic nowrepresents a
significant proportion of the equine population (Mellor et al., 2001; Brosnahan and Paradis,
2003b; Ireland et al., 2011a). Consequently, PPID is diaghosed with increasing frequency
(Rohrbachet al., 2012) and is therefore important in equine practice. PPID is a progressive
neurodegenerative disease, possibl caused by oxidative stress, which affects the inhibitory
dopaminergic hypothalamic neurones, leading to a loss of dopaminergic control (McFarlane
and Cribb 2005; McFarlaneet al., 2005c; McFarlane, 2007). Consequently, a lack of
regulation within the mel anotrope cells of the pituitary pars intermedia results in over
production of multiple pro -opiomelanocortin (POMC}derived peptides and their derivatives,
including adrenocorticotrophic hormone (ACTH; Heinrichs et al., 1990). The precise
consequences of this are not fully understood (Durham, 2016 a). However, once present,
PPID is a progressive lifelong condition with varying clinical signs (Schott, 2002; McGowan,
et al.,, 20134a; Ireland and McGowan, 2018). Currently, measurement of basal plasma ACTH
concentration is widely used for diagnosing and monitoring PPID and is considered sufficient
when seasonal reference intervals are utilised (McGowanet al., 2013b; Durham etal.,
2014).

Pergolide mesylate, an ergot-derived, long-acting dopamine D2 receptor agonist, is used
extensively to manage the disease (Anon, 2011a; Durham etal., 2014). It was previously
used as an adjunctive tr e(dan Qanpetalf2004),dageki nsonbds
associated neurodegenerative condition in humans, which has been compared to PPID
(McFarlane, 2007). Horses with PPID have been found to have significantly less dopamine
and dopamine metabolites compared to normal controls (Millington et al., 1988) and
systemic supplementation of dopamine or a dopamine agonist was shown to decrease
plasma concentration of POMC peptides(Orth et al., 1982). Pergolideis reportedly well
tolerated, rapidly absorbed and reaches high plasma concentrations in horses (Gehring et
al., 2010; Rendle et al., 2019). Therefore, the rationale for the use of the dopamine agonist
pergolide for the management of PPID is strong. However, systematic evaluation of
treatment options for PPID has not been undertaken and treatment recommendations have

evolved primarily from clinical experience.
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Systematicreviews are an established reproducible method of collating and assessing

available evidence to answer a specific research question. They provide a high level of

evidence and can be used to assess interventions(Anon 2011b; Higgins et al., 2019),

helping to inform decisions about the provision of healthcare (Rodgerset al., 2009). The aim

of this paper was to perform the first systematic review of published literature about the

efficacy of pergolide for the treatment of PPID in horses and ponie s. Unless otherwise

stated, all results presented in this paper pertain to horses and/or ponies and may not be
applicable to other equids. The question addres:
diagnosed with PPID, is treatment with pergolide effecti ve in improving clinical signs and/or

pl asma ACTH concentrations compared to no treat
Published literature regarding the use of pergolide to treat PPID was systematically reviewed

and included studies are presented with assessment of their design and validity (Moher et

al., 2009).

Materials and methods

Search methodology

The search strategy was based on current guidelines (McGowanet al., 2016). A systematic
search of electronic databases was undertaken in April 2019, repeated in August and
October 2019 and updated in July 2020. In order to obtain the best coverage of the
veterinary literature, databases searched were; NCBI PubMed, Clarivate Analytics Web of
Science, CAB Direct, SciVerse Scopus, and the database of th Internatio nal Veterinary
Information Service (IVIS; Grindlay et al., 2012). Additional relevant records were identified
via the bibliographies of retrieved publications. Searches were conducted using a range of
free text search terms and MEDLINE MeSH tems, including ( Equi ne Cushingbs sy
(pituitary pars intermedia dysfunction) and (treatment). The full list of search terms and
Boolean operatorsis detailed in Appendix1. This review focused on PPID in horses and
ponies, therefore search termsrelating to donk eys and other equids were notincluded. All
retrieved records were imported and formatted into a predesigned Microsoft Excel

spreadsheet.
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Figure 1 : Flow diagram of the search strategy undertaken in a systematic review to identify
and screen publicationswith information on the effect of pergolide treatmenton clinical
signs and plasma adrenocorticotrophic hormone (ACTH) concentrations in horses and ponies
with pituitary par intermedia dysfunction (PPID), resulting in the identification of 28 included

publications (adapted from Moher et al., 2009).

Inclusion criteria

Due to a lack of randomised controlled trials, studies of Level 4 evidence and above were
included (Anon, 2011b). Descriptive individual case reports with no comparison group were
excluded. Limitations on publication date, setting or study population were notimposed.
Although not peer-reviewed, conference proceedings and government documents were also

considered for inclusion, but other grey literature sources were not. Only English language
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studies were accessed. However, English language abstracts were assessed, where
available, for foreign language publications. Initial screening of all identified studies was
undertaken and textbook chapters, letters, review articles, non -equine studies and those not
pertaining to PPID were excluded at this stage. The abstracts of remaining studies were

then screened. Studies where PPID pathophysiology, pergolide pharmacology, diagnostic
test accuracy or other endocrinological parameters were the outcome measure, as well as
those which did not contain information relevant to the review question were excluded. If
abstracts reported findings from the same study as a full publication, only the full publication
was assessed to avoid duplication. Eligibility assessnent was carried out independently in a

standardised, unblinded manner by the authors.

Review methodology

Study design, methodology and information reported in each included study was evaluat ed
using appropriate STROBE checklists (checklists for cohort, cae-control and cross-sectional
studies combined or conference abstracts (Anon, 2007a) (Appendices 2 and 3). Quality
assessment scoring was not undertaken. Studies were not excluded on quality grounds;
however, results of lower quality studies are presented with interpretation of their

limitations.

Standardised forms adapted from critically appraised topic (CAT) data collection forms were
used to extract relevant data from included publications . Data extraction was undertaken
individually by the authors and subsequently crosschecked by the other authorsto ensure
agreement was reached. No attempt was made to obtain missing data and investigators

were not contacted to confirm accuracy of include d information.

Data and relevant results extracted from each included publication are presented in

summary tables (Appendices 4 and 5). Dueto variations in study design, study populations

and outcome measures between included studies, meta-analysis was nat undertaken.

Therefore, theresults of qualitative evidence synthesis are presented in this review.

However, overall prevalence estimates were calculated for clinical and endocrinological

improvement in pergolide treated PPID cases, where numerator and denominator data were
reported in included studies. Where 95% conyde

publication, these were calculated by the authors where published information permitted.
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Table 1: Summary of clinical and endocrinological resporse to treatment with pergolide in horses diagnosed with PPID, in a systematic review

of published literature.

Study Study type Number Pergolide Active Untreated ACTH Outcome Duration Main results Side effects
treated dose at start comparison control reference measure of (95% confidence
with of treatment trea tment group interval or pergolide intervals [CI]
pergolide (pergolide cut -off treatment calculated where
formulation value used data allowed)
where to define
reported) PPID cases
(test time of
year where
reported)
Alemanet | Case control | n=3 1 mg/day PO | None n=12 2-10pmol/L | Clinical 3 months Improved body Not reported
al., (2006) | study (pergolide (4.5-45.5 signs, condition score,
mesylate pg/mL; ACTHand physical activity
tablet; recruited muscle and shift in muscle
Permax, Eli during winter | biopsy fibre populationin
Lilly) and spring) all 3 pergolide
treated PPID cases
ACTH did not
return to within
reference interval in
the 3 pergolide
treated cases
Anon Uncontrolled, | n=122 0.002 None None 050 p g/ Clinical 90 and 180 | 76% (n=86/113; Cl | 33% transient
(2011a) | non- n=113 mg/kg/day PO (pre- signsand | days (3and | 68.2-84.0%) inappetence;
randomised | available (pergolide treatment ACTH or 6 months) | treatmentsuccess | <10% of
field trial for follow- | mesylate Novi Jan, ODST after 180 days cases:
tablet; post treatment lethargy, colic,
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up atdays | Prascend, treatment 58% (n=66/113; CI | diarrhoea,
90 and 180 | Boehringer Jan’i March 49.3-67.5%) had lameness, and
Ingelheim) and April i normal endocrine weightloss
June) results atday 90
Beechet | Uncontrolled, | n=9 0.002-0.006 Vitex agnus None O % pg/mL Clinical Seven 89% improved Lethargy
al., (2002) | non- mg/kg/day PO | castus n=14 signs, horses for 3 | clinically (n=8/9; Cl | reportedin
randomised ACTHand [ months, 2 68.4-100%) one pergolide
field trial (of Of which, ODST for >4 ACTH decreased by| treated horse
Vitex agnus n=9 months O50% in 6
castus) deteriorated (n=4/6; C128.9 -
and started 100%)
pergolide
treatment
Beechet | Non- n=8 0.5 mg/day PO | None n=7 9-35pg/mL | ACTH 7 months Pergolide treated Not reported
al., (2009) | randomised for ponies (multiple cases had lower
controlled 3 mg/day PO tests ACTH values
trial for horses performed comparedto
(formulation Feb-Oct) untreated controls
not stated;
produced by
compounding
pharmacy,
Wickliffe
Pharmaceutical
s)
Christenet | Randomised | n=10 0.002 None n=9 <35 pg/mL ACTH 3 months ACTH values Not reported
al., (2018) | placebo- mg/kg/day PO placebo (pre- significantly lower
controlled (pergolide treated treatment in pergolide group
trial mesylate July, post- (p<0.01):
tablet; treatment Median ACTH in
Prascend, Jan) pergolide group =
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Boehringer

25.9 pg/mL (range

Ingelheim) 7.4-50.1 pg/mL)
Median ACTH in
placebo group =
73.2 pg/mL (range
37.8-479 pg/mL)
Donaldson | Case series | n=20 0.0017-0.055 [ Cyproheptadi| None 9-35pg/mL | Clinical 1-10 Clinical 9gns Not reported
etal., mg/kg/day PO | ne n=7 (recruited signs and months; improved:
(2002) (median 0.25 Jun-Nov) ACTH median 2 85% pergolide
dose0.003 mg/kg/day months (n=17/20; CI 69.4 -
mg/kg/day) PO 100%)
28%
cyproheptadine
(n=2/7;CI0 -
62.0%)
ACTH normalised in
60% of pergolide
group (n=12/20; CI
38.5-81.5%) and
none of
cyproheptadine
group
Dunkelet | Case series | n=5 0.0007-0.008 | None None Variable Clinical n=1for1l Clinical Depression,
al., (2014) mg/kg/day PO reference signs and month,n=1 | improvementin anorexia and
(median intervals ACTH for 2 80% (n=4/5; CI heart murmur
starting dose used for months, 45.0-100%) observedin
0.0038 individual n=1for12 | ACTH followup one horse -
mg/kg/day PO) cases months, reportedin three not observed
n=1for18 | cases: ACTHIevels | subsequently
months and | improved in one on reduced
n=1 for 5 horse, improved at | dose.
years firstfollow- up then
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subsequently
increasedinone
horse and remained
elevatedinone

horse
Froin et Caseseries | n=5 0.0017 None None Notreported | Clinical 12 months | 100% clinical Notreported
al., (1998) mg/kg/day PO signs, improvement
ACTH, (n=5/5; C156.6 -
ODST, 100%)
cortisol Improvementin
ACTH reported in
one horse
ODST normal after
treatmentinthree
cases
Gehlenet | Case control | n=13 0.5-2mg/day None No 050 pg/ ACTH Minimum 3 | Treatmentdid not Not reported
al., (2014) | study PO treatment | (pre- months prevent laminitis
(pergolide n=25 treatmentin occurring
mesylate Jan) Trend towards
tablet; lower ACTH values
Prascend, in treated horses
Boehringer but not statistically
Ingelheim) significant
Horn et Retrospective | n=218, of 0.0005-0.0125 | None 247 cases | Variable cut- | Clinical Not 64.3% clinical Notreported
al., (2019) | cohortstudy | which 143 mg/kg/day PO had off values signs and reported. improvement
had clinical | (median 0.002 medication | adjustedby [ ACTH (n=92/143; ClI
follow-up mg/kg/day); data season and Median 56.5-72.2%)
data dose increased recorded, location: durationof | ACTH returned to
in 61 cases therefore autumn cut- follow-up within reference
(for which presumed | off (used for across all intervals in 44.4%
median dose to be no 38.5% of cases 11 (n=52/117, CI
remained cases at months 35.4-53.4%).
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0.002 treatment diagnosis) (range O No untreated cases
mg/kg/day) n=29 range 77.4 1 85 months) | had normal ACTH
(ofthe 119 101 pg/mL concentrations at
cases where and non- repeat testing.
reported, autumn cut-
45.6% off (used for
commenced 61.5% of
treatmentona cases at
liquid pergolide diagnosis)
formulation range 29.7 1
and 54.6% on 67 pg/mL
a tablet form)
Innerd et | Uncontrolled, | n=8 0.002 None None Not Clinical 6 months Clinical Not reported
al., (2013) | non- mg/kg/day PO, measured signs, improvementin
randomised increased to hypertricho hypertrichosis:
field trial 0.004 sis score, shedding 100% (CI
mg/kg/day PO hair follicle 67.6-100%),
after 3 months stages on decrease inanagen
in all cases skin biopsy phase hair follicles
50% (n=4/8; ClI
(pergolide 15.4-84.6%) had
mesylate normal ODST
tablet; results after 6
Prascend, months of
Boehringer treatment
Ingelheim)
Love Case series | n=1 after 3mg/day PO, Cyproheptadi | n=1 Not Clinical >12 weeks | Improvementin Transient
(1993) treatment decreasingto | nen=4 measured response clinical signsin anorexia in
failure with | 1 mg/day after | 0.6- pergolide treated pergolide
cyprohepta | 6 weeksand | 1.2mg/kg®™ pony. treated pony
dine 1mgevery 25% (n=1/4; CI when on high
0.0-67.4%)
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other day improved on dose (3mg
thereafter cyproheptadine. daily)
No change in
control horse.
McFarlane | Uncontrolled, | n=6 1 mg/day PO, | None None Basal ACTH | ACTH 6 months Basal ACTH None reported
etal., non- increasing to 2 and ACTH significantly lower
(2017) randomised mg/day after 2 measured 30 at 4,5 and 6 month
clinical trial months min after time points but not
TRH 30 min post TRH
(pergolide stimulation
mesylate
tablet;
Prascend,
Boehringer
Ingelheim)
Orth etal.,, | Caseseries | n=1 5 mg dose Bromocriptin | None Notreported | POMC 48 h Decreased ACTH | None reported
(1982) single dose PO | e n=1, peptides following single in pergolide
100mg dose including dose treated horse.
(pergolide (oraland ACTH Bromocriptine
mesylate 5mg | subcutaneou had to be
capsule, s) given S/C with
Eli Lilly) reactions
under skin as
no availability
orally
Peaseet | Case control | n=6 1 mg/day PO, | None n=2 Not Pituitary 6 months Pituitary length Not reported
al., (2011) | study increasedto 2 measured sizeon increased, height
mg/day after 3 computed and width
months for 3/6 tomograph unchanged
cases y compared to pre-
(pergolide treatment. Clinical
mesylate improvementin all
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tablets; Lilly
Celance, Eli
Lilly or
pergolide
mesylate
tablets, Elanco
Animal Health)

6 pergolide treated
cases after 3
months (n=6/6; ClI
61.0-100%)

ODST normalised in
83% (n=5/6; CI
53.5-100%) cases
after 3 or 6 months
of pergolide

Perkinset | Retrospective | n=10 0.75-1.0 Cyproheptadi| None 9-35pg/mL | ACTHand | 1-15 90% (n=9/10; CI Notreported
al., (2002) | cohort study mg/day ne n=32 (recruited veterinary | months; 71.4-100%)
(~0.0017 225-250 Apr-Dec) surgeon median 2 pergolide treated
mg/kg/day) PO | mg/day survey months and 81%
(n=7); 1.5- (either 0.5 (including 2 | (n=26/32; CI 67.7 -
2mg/day mg/kg once re-checks) | 94.8%)
(n=1) or 0.38 - | daily or 0.25 cyproheptadine-
0.5mg/day mg/kg every treated horses
(n=2). 12 h; n=5) showed
or 450-500 improvementin at
mg/day least 1 clinical sign
(n=27) ACTH improved in
~ 60% horses on
either treatment;
correlated with
improvementin
hypertrichosisin
pergolide group
only
Peterset | Caseseries | n=9 0.0017 None None Not Clinical 1-23 89% (n=8/9; CI No adverse
al., (1995) mg/kg/day PO measured signs months, 68.4-100%) clinical | effects
BID improvement
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(pergolide mean 13.7 | ODST showed
mesylate months improvementin
tablet; 71.5% (n=5/7; CI
Permax, Eli 38.0-100%)
Lilly)
Pongratz | Retrospective | n=38 0.001-0.002 None None <50 pg/mL Owner 1-38 Clinical n=11 transient
etal., cohort study mg/kg/day PO in horses and | questionnai | months, improvementin mild adverse
(2010) (median dose <30 pg/mL reon mean 13.8 | 88.6% (n=31/35; effects,
0.001 in ponies clinical months C178.0-99.1%) (anorexia,
mg/kg/day PO) signs 90% (n=34/3 8; Cl | lethargy,
79.7-99.2%) diarrhoea)
(pergolide owners satisfied
mesylate with treatment
tablet;
Permax, Eli
Lilly)
Rendleet | Retrospective | n=2,122 Variable None None Seasonally ACTH Not 54.8% Not reported
al., (2013) | cohort study adjusted reported (n=1,163/2,122; CI
reference 52.7-57.0%) ACTH
intervals improvement; 28%
(values not (n=594/2,122; CI
reported) 26.1-30.0%)

returned to within
reference intervals.
Duration of
treatmentwas
positively
associated with
treatment response
(p=0.04)
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Rendle et
al., (2018)

Retrospective
cohort study

n=19

Not reported
(pergolide
paste; BOVA
UK)

None

None

>50 pg/mL
(July) or
>100 pg/mL
(Augusti
October)

Clinical
signs,
ACTH and
insulin

6 months

Unable to
determine
improvementin
clinical signs from
data presented. No
significant
improvementin
insulin.

73.7% (n=14/19;
C153.9-93.5%)
improvementin
ACTH to within
reference interval.

Inappetence
observedin
two ponies,
whichresolved
after dose
reduction

Rohrbach
etal.,
(2012)

Retrospective
cohort study

n=10

n=5
pergolide
plus
cyprohepta
dine

Not reported

Cyproheptadi
ne n=7

None

Not
measured

Owner
based
telephone
guestionnai
reon
clinical
signs

2 months

Positive responsein
40% (n=4/10; CI
9.9-70.4%)
pergolide; 29%
(n=2/7;CI O -
62.0%)
cyproheptadine,
and 60% (n=3/5;
Cl117.0-100%)
receiving both
drugs

Not reported

Schottet
al., (2001)

Uncontrolled,
non-
randomised
field trial

n=20

0.002
mg/kg/day PO

Cyproheptadi
ne n=7

1.2
mg/kg/day
PO

n=5

Not
measured

Clinical
signs

6-12
months

Clinical
improvement with
pergolide.

A 6fewd a
cyproheptadine.
No improvementin
untreated control
group.

Decreased
appetite seen
in several
pergolide
treated horses
in the first
week, resolved
with transient
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Normal ODST
and/or TRH
stimulation results
in 35% of pergolide
group (n=7/20)

reduction in
dose

Schottet | Retrospective | n=30 0.002mg/kg/d | None None <50 pg/mL ACTHand | 5.5years 100% of survivors | Notreported
al., (2014) | cohort study ay PO, clinical (n=12/12; C175.8 -

increased to signs 100%) had clinical

0.004 improvement

mg/kg/day Where tested,

where ACTH was normal

endocrine test (<50 pg/mL)in

results 71% (Cl45.1-

remained 96.6%) survivors

abnormal and ODST results

(pergolide remained normal in

mesylate 61% (CI 33.2-

tablet; 88.5%) of survivors

Prascend,

Boehringer

Ingelheim)
Sgorbiniet | Case series | n=2 0.5 mg/day None None 035 pg/ ACTHand | Notstated | Clinical signs None reported
al., (2004) PO, increased clinical 6r e s ahdAGTH

by 0.5 mg signs values improved in

every 3days
to final dose of
3 mgonce
daily
(pergolide
mesylate;
Nopar, Lilly)

both cases
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Speltaand | Case series | n=7 0.001 None n= Not Clinical 2 months 100% (n=7/7; CI Not reported
Axon mg/kg/day PO measured signs to 7 years | 64.6-100%)
(2012) (pergolide reported to show
mesylate improvementin
tablet; clinical signs in
Permax, Draxs pergolide group. No
Health or liquid clear improvement
formulation; in non-treated
Ranvet group.
Pergolide,
Ranvet)
Walshet | Caseseries | n=6 1 mg/day PO | None None 9-35pg/mL | ACTH 2 months Decreasein ACTH | Notreported
al., (2009) (cases only to 2.5years | in 1 week,
included if remained ~70
>70 pg/mL; pg/mL
recruited
Dec-May)
Watsonet | Case series | n=6 0.0018-0.0028 | None None Not Clinical 6-26 100% (n=6/6; ClI No adverse
al., (1998) mg/kg PO measured signs months 61.0-100%) events
reported to show
improvementin
clinical signs
Williams | Case control | n=14 Low dose: Cyproheptadi| n= Notreported | Clinical Upto 3.5 Improvementinall | Notreported
(1995) study Received 1-2 mg/day ne signs, years horses on high
cyprohepad | High dose: cortisol and dose pergolide, also
ine and/or 4-5 mg/day PO TRH 6encour ag
pergolide stimulation results on low dose.
(pergolide tests n=4/9 untreated
mesylate cases euthanased.
tablets; Cyproheptadine
Celance, Lilly) showed only
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temporary
improvement.

Overall

Total
horses
treated
with
pergolide
and
available
for fol low-
up n=2,649

Most
frequently
reported
median dose
0.002
mg/kg/day

Total
controls
n=105

Where proportions
were reported or
calculated, clinical
improvementwas
observedin77.0%
(n=328/426; CI
73.0-81.0%) of
cases

Where proportions
were reported or
calculated, ACTH
values improved or
returned to normal
in 54.9%
(n=1,338/2 ,437; CI
52.9-56.95%) of
cases

Cl = 95% Confidence interval; ACTH = Adrenocorticotrophic hormone; ODST= Overnight dexamethasone suppression test; PO= per 0s;
POMGC= Pro-opiomelanocortin; TRH= Thyrotropin-releasing hormone

131




Results

A total of 833 records were identified via the combined electronic database searches, with
an additional three records obtained from other sources. Following removal of duplicate
records, 612 records were screened for relevance to the review question. Following title and
abstract screening, a total of 41 publications that investigated treatment with pergolide were
evaluated in full. Thirteen publications did not meet inclusion criteria and were subsequently
excluded, resulting in 28 studies included in the review (Figure 1). The included publications
comprised descriptive case series =10), cohort studies (n=7), uncontrolled non -
randomised trials (n=5), case control studies (n=4), a randomised placebo-controlled trial

(n=1) and a non-randomised controlled trial (n=1).

Study populationsincluded were predominantly from university referral hospitals, university
research herds or other referral hospitals (n=12). Five studies had field -based populations
selected from first opinion practice and several had mixed populations including referral
hospitals, research herds and/or private practice (n=5). One study was based at an equine
retirement sanctuary and five studies did not provide sufficient details to ascertain the

population setting (Appendices 4 and 5).

Case inclusioncriteria varied between studies; the majority of PPID cases were diagnosed
via a combination of clinical signs and various diagnostic tests including basal ACTH
concentration and/or other diagnostic tests such as the overnight dexamethasone
suppression test (ODST) and thyrotropin-releasing hormone (TRH) stimulation test (n=21).
Other case inclusion criteria were elevated basal ACTH concentration alone 6=3), clinical
signs alone (h=1), ODST alone (n=1), and TRH stimulation test alone ( n=1). Diagnostic
criteria were not reported in one study (Appendix 5). A total of 15 studies utilised basal
ACTH concentration for PPID diagnosisin all or some of the included cases. One of these
studies reported utilising contemporaneous seasonally adjusted reference intervals (Rendle
et al.,, 2013) and a case series used values above seasonally adjusted reference intervals in
three of the four PPID cases diagnosed using basal ACTH (Dunkeket al., 2014), while a
further study (Rendle et al., 2018) utilised clinical decision limits recommended by the
Equine Endocrinology Group(EEG, 2019).0One further study utilised seasonally adjusted
reference intervals that varied dependent on geographical location; however, these
reference intervals were not contemporaneous for a considerable proportion of the study
period (Horn et al., 2019). Two studies completed case enrolment and follow -up testing
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avoiding the autumn seasonal rise in ACTH (Julyi October in the Northern hemisphere;
Aleman et al., 2006; Anon, 2011a).

Across all included publications, a total of 2,740 horses and ponies were treated with
pergolide with 2,649 of these cases including some form of follow -up observation. The most
frequently reported median starting dose of pergolide was 0.002 mg/kg/day (range 0.00 17
0.0125 mg/kg/day; Table 1). The majority of studies assessed treatment with pergolide
alone (n=15), with no comparison group or controlgroup (Peterset al., 1995; Froin et al.,
1998; Watsonetal., 1998; Sgorbini etal., 2004; Aleman et al., 2006; Walsh et al., 2009;
Pongratzet al., 2010; Anon, 2011a; Peaseet al., 2011; Innera et al., 2013; Rendleet al.,
2013; Dunkel et al., 2014; Schott etal., 2014; McFarlane et al., 2017; Rendle et al., 2018).
The remainder assessed pergolide treatment in comparison with no tre atment (n=4; Beech
et al., 2009; Speltaand Axon,2012; Gehlen et al., 2014; Horn et al., 2019), a placebo
treatment (n=1; Christen et al., 2018) orin comparison to an active control group receiving
an alternative unauthorised treatm ent including cyproheptidine (n=6; Love, 1993; Williams,
1995; Schott etal., 2001; Donaldson etal., 2002; Perkins et al., 2002; Rohrbach et al.,
2012;) bromocriptine (n=1; Orth et al., 1982) or Vitex agnus castus(n=1; Beech et al.,
2002). Three of these studies also included an untreated controlgroup (Love, 1993;
Williams, 1995; Schott etal., 2001; Table 1).

Clinical response

Reported improvement in at least one clinical sign following commencement of pergolide
treatment ranged from 40 -100% (Table 1), with a highproportion of cases (076 %)
clinical improvement in the majority of studies (Peters et al., 1995; Froinetal., 1998;
Watsonet al., 1998; Beech et al., 2002; Donaldson etal., 2002; Perkinset al., 2002;
Aleman et al., 2006; Anon, 2011a; Speltaand Axon, 2012; Innera et al., 2013; Dunkel et al.,
2014; Schott etal., 2014). Evaluation of clinical responsevaried between studies with no
standardised method used. Evaluation was most frequently based on subjective
improvement in clinical signs,which was predominantly assessedvia veterinary clinical
examination (Williams, 1995; Schott etal., 2001; Beechet al., 2002; Perkins et al., 2002;
Anon, 2011a; Peaseet al., 2011; Innerd et al., 2013; Schott etal., 2014; Rendle et al.,
2018; Horn et al., 2019), however owner assessment was also utilised (Peters et al., 1995;
Donaldsonetal., 2002; Pongratzetal., 2010; Rohrbach etal., 2012). A case series included

both veterinary and owner -reported assessment of clinical improvement (Speltaand Axon,
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2012), while t he method of evaluation was either not reported or was unclear in five further
studies that provided information on clin ical response to pergolide treatment (Love, 1993;
Froin et al., 1998; Watson etal., 1998; Sgorbinietal., 2004; Dunkeletal., 2014).

Two clinical trials used objective measures (Anon, 2011a; Innera et al., 2013) providing

some of the highest quality evidence regarding clinical improvement. One study was

associated with licensing of pergolide tablets for use in horses (Prascend, Boehringer

Ingelheim), where 76.1% of 113 enrolled horses assessed over a 6-month study period

were considered treatment successes based on objective clinical assessment scores and/or
endocrinological improvement (defined as either normalisation of ODST results or a post-
treatment reduction i n bteeat@dntvalu€sy Anon, RO1TaEThés fr om |
other study showed objective improvement in coat quality with a reduction in anagen phase

hair follicles following 6 months of treatment with pergoli de (Innera et al., 2013).

Relative improvement in specific clinical signs following pergolide treatment could be
determined in five studies. Improvement in hypertrichosis ranged from 30 -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 pergolide (Beech et al., 2002;
Donaldsonetal., 2002; Perkins et al., 2002; Pongratz et al., 2010; Anon, 2011a). High
proportions of pergolide treated animals showing improvementin clinical signs were
reported in both referral/hospital and field -based studies although more variation was seen
within the referral/hospital populations (Fig ure 2). Clinical improvement was also observed
over prolonged time periods, with eleven studies includingfollow-u p peri ods of 012 r
(Peterset al., 1995; Williams, 1995; Froin et al., 1998; Watson et al., 1998; Schott etal.,
2001; Perkinset al., 2002; Walsh et al., 2009; Pongratzetal., 2010; Horn et al., 2019),
including some horses followed for upto 5.5 years (Schott et al., 2014) and one horse was
followed for 7 years (Spelta and Axon, 2012).

Only a small number of studies compared pergolide to other unauthorised medical
treatments. When compared to the serotonin agonist cy proheptadine, pergolide was
reported to be superior at all eviating clinical signs in all studies, with the majority reporting
only 25-29% of cases improved clinically when treated with cyproheptadine (Love, 1993;
Schottet al., 2001; Donaldson et al., 2002; Rohrbach et al., 2012). The exception was one

study which reported that 81% of cases treated with cyproheptadine showed improvement
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in at least one clinical sign, however this was still inferior to the proportion reported in
pergolide treated cases (90%; Perkinset al., 2002). The herbal supplement Vitex agnus
castuswas also investigated in a single uncontrolled field study (Beech et al., 2002). Clinical
deterioration was observed in all but one of 14 PPID cases treated with Vitex agnus castus

and nine of these animals were subsequently treated with pergolide (Beech et al., 2002).

Plasma ACTH concentrations

The proportion of PPID cases demonstrating improvement in plasma ACTH concentrations
following pergolide treatment ranged from 20 -74% (Table 1). Lab oratory reference intervals
used for the measurement of ACTH varied between studies. The majority of included studies
used either O35 pg/mL or O50 pg/mL as the
reporting response to treatment, dependent on the typ e of assay used (Table 1).
Normalisation of plasma ACTH cacentrations to within these non -seasonally adjusted
reference intervals occurred in 58-71% of cases (Donaldsonetal., 2002; Anon,2011a;
Schottet al., 2014), while a decrease in plasma ACTH concentrations was reported in 20
54.8% of cases (Froin et al., 1998; Beech et al., 2002; Rendle et al., 2013; Dunkeletal.,
2014).

One retrospective study reportedly used seasonally adjusted reference intervals when
measuring improvementin ACTH concentration following pergolide treatment, in which 28%

of cases returned to within these intervals (Rendle et al., 2013). The same study reported a

upper

O75% reduction in basal plasma ACTH concentrati

with a higher initial plasma ACTH concentration were more likely to improve. Another
retrospective study using seasonally and geographically adjusted cutoff values reported
normalisation of plasma ACTH concentrationsin 44.4% of cases overall, across multiple
repeat tests over a prolonged period (Horn et al., 2019). 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

not reference intervals used for follow -up testing were reported (Rendle et al., 2018).

Two studies reported that ACTH concentration did not significantly decrease in pergolide
treated cases compared to non-treated PPID controls (Gehlen et al., 2014) or pre-treatment
values (McFarlaneetal., 2017)over O3 mo n tly ene plaCabamcorgrolied trial did

report significantly lower plasma ACTH concentrations in pergolide treated cases over a
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similar time period (Christen et al., 2018). 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
(Williams, 1995; Speltaand Axon, 2012; Rendleet al., 2013; Schott etal., 2014; McFarlane
etal., 2017).

@ Clinical improvement "Treatment success” (based on clinical scores and endocrine improvement)
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Figure 2: Reported proportion(s) of pituitary par intermedia dysfunction (PPID) cases
treated with pergolide that showed improvement in clinical signs and/or endocrine levels in a
systematic review of published literature. Error bars represent 95% confidence interv als,
calculated by the authors where published information permitted. *Clinical improvement and
adrenocorticotrophic hormone (ACTH) plasma concentrations could not be determined
separately from the data provided. #In Horn et al., 2019, sample size differs for clinical
(n=143) and ACTH concentration (h=117) improvement. Additionally, the study population

was selected from both a hospital and a field setting.

136



Side effects and adverse events

Side effects attributed to pergolide administration were recorded in seven studies with
transient inappetence most frequently reported (Love, 1993; Mufioz etal., 1996; Schott et
al., 2001; Pongratz etal., 2010; Dunkel etal., 2014; Schott etal., 2014; Rendle et al., 2018;
Table 1). The mostrobust study reporting the pr evalence of side-effects found 33% of
horses developed transient inappetence, which responded well to a short-term dose
reduction (Anon, 2011a). Another study reported that 29% of pergolide treated cases
developed mild side-effects including anorexia, lethargy and diarrhoea, which were generally
self-limiting (Pongratzet al., 2010). Less than 10% of horses showed adverse events such
as colic, lameness and laminitis (Anon, 2011a). Adverse events were reported whether
related to the treatment under investigation or not, therefore it isnot possible to determine
whether these were directly associated with pergolide treatment (Anon,2011a).

Discussion

This is the first paper to systematically review published evidence regarding the use of
pergolide for the management of clinical signs and end ocrine parameters associged with
PPID.

A large proportion ofthe available evidence regarding the treatment of PPID with pergolide
has come from descriptive case series or small hospitatbased populations. These studies
had varying case selection criteria, diagnostic protocols, pergolide doses, treatment
durations and outcome measures. It is also likely that the product used was inconsistent.
Early studies conducted before the current authorised equine formulation of pergolide
mesylate used pergolide products authorised for human use, while others may have used
compounded pergolide, which has been reported to differ in potency (Davis et al., 2009;
Shank, 2009; Stanley and Knych, 2010). Additionally, one recent study evaluated an
unauthorised pergolide paste formulation (Rendleet al., 2018). Despite these noted
variations between studies, pergolide was consistently reported to provide overall
improvement in clinical parameters in over 75% of reported cases. This high proportion of
cases showing overall cinical improvement was observed in a large multicentre study
performed as part of the licensing requirement for equine use (Prascend, Boehringer
Ingelheim; Anon, 2011a), and in both field and hospital -based studies (Figure 2), with the

exception of two ret rospective cohort studies that had a high level of loss to follow -up
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(Rohrbachet al., 2012; Horn et al., 2019). Improvement in individual clinical signs was
more varied; this is likely to be due to the differences in treatment duration and selection
criteria. Determining the efficacy of pergolide for treating specific clinical signs with any
degree of certainty was not possible due to variability in reporting . Clinical signs of PPID are
diverse (Schott, 2002) and the interrelationship between them is uncl ear (McFarlane et al.,
2006; McFarlane, 2011). Further evidence is required regarding the effect of pergolide
treatment on specific clinical signs, particularly laminitis due to its high prevalence and
welfare impact (Herthel and Hood, 1999; Mellor et al., 2001; Karikoski et al., 2011).

Due to the number of confounding factors and lack of control groups, it is difficult to
attribute the side effects or adverse events observed to pergolide treatment specifically.
However, transient inappetence was reported in a relatively high prop ortion of cases, which
resolved after a reduction in the dose administered (Anon, 2011a). It may, therefore, be
beneficial to introduce pergolide gradually, especially when a higher dose is required. There
is insufficient evidence regarding possible long-term side-effects of pergolide, however the
studies where cases were followed for a prolonged period (>5 years) did not report any
adverse effects (Spelta and Axon, 2012; Dunkeletal., 2014; Schott etal., 2014; Horn et al.,
2019).

The life expectancy of horses in the UK is increasing(Ireland et al., 2011a; Welsh et al.,
2016) and with efficient diagnostictesting readily available, cases of PPID are likely to be
diagnosed and treated earlier. Median life expectancy following PPID diagnosis has been
reported to be 9.8 years (Welsh et al., 2016), therefore in practice, pergolide treatment is
likely to be undertaken for a number of years. There is some evidence to suggest this may
have a protective effect against further neurodegene ration caused by oxidative stress (Gille
et al., 2002). Pergolide treatment has been associated with increased odds of survival,
supporting its use to improve prognosisin PPID cases (Hornet al., 2019). However, further
evidence is needed regarding the benefits of early treatmen t and the efficacy of pergolidein

the long term.

Plasma ACTH concentrations offer an objective measure of improvement in response to
treatment, however, variation in the diagnhostic assays, laboratory and sampling protocols as
well as reference intervals used, made comparison between studies challenging. In the UK,

measurement of basal ACTH using seasonally adjusted reference intervals is the primary
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endocrine test used to diagnose PPID and monitor response to treatment. This test i s
reported to provide a h igh level of sensitivity and specificity, accounting for seasonal
variations in basal plasma ACTH concentrationgMcGowanet al., 2013b). As seasonally
adjusted reference intervals were established fairly recently (Copas andDurham, 2012), the
majority of included studies used non-seasonally adjusted reference intervals when
measuring response to treatment. Therefore, the likelihood of non -differential
misclassification bias is increased(Jurek et al., 2005), and this could lead to cases being
falselyclassi fi ed as having 6abnormal 6 plasma ACTH co
seasonal rise or On o r-antarhnmomtls. Hovever; despite this,sush i N non
studies are still useful for determining improvement in plasma ACTH concentrations. One
clinical trial reported significantly lower ACTH values in pergolide treated cases compared to
placebo treated controls (Christen et al., 2018). However, in general, reduction in plasma
ACTH concentrations was much more varied than overall improvement in clinical signs, and
the two did not always correspond (Froin et al., 1998; Donaldson etal., 2002; Anon 2011&;
Dunkelet al., 2014; Schott etal., 2014). This is not unexpected; the clinical signs of PPID
are multifactorial and ACTH is one of many POMGCderived peptides which increase as a
result of PPID (Heinrichs et al., 1990; McFarlane, 2011). ACTH is utilised as a biomarker
because assays to measure it are widely available (Wilson et al., 1982) and sampling is
convenient (Rendle et al., 2015a). However, plasma ACTH concentrations have been
reported to be affected by external factors such as stress and pain (Fazio et al., 2008;
Towns et al., 2010) as well as exercise (Alexander et al., 1991; Nagata et al., 1999) and
ingestion of feed (Diez de Castroet al., 2014). Further evidence is required to fully interpret
the clinical picture as a whole and the relationship between endocrine parameters and

clinical signs.

Where study population was able to be adequately determined, all included studies had
potential biases (Appendices 4 and 5). Small convenience samples recruited via hospital or
referral practices are likely to be biased towards cases in the advanced stages of disease or
with concurrent disease(s), so results are notlik ely to be generalisable to the general
population. Samples from first opinion practice have the potentialto be more representative
of the target population, however, the number of treated cases in many studies was small
(nO30), reduci ng Dhvenince sanopling was stilhusedl. Two field-based
studies had larger study populations (Pongratzetal., 2010; Anon, 2011a), however dueto

non-random selection and the necessity for voluntary recruitment of cases, there is the
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possibility of selection bias; systematic differences between owners and cases which
participated compared to those that did not. Rendle et al. (20134a) had the largest study
population, however this study used data from a retrospective review of laboratory data,
which has inherent limitations, such as the possibility of incomplete or incorrect records.
Additionally, it is likely that the accuracy of signalment and clinical data provided on
laboratory submission forms could not be verified (Rendle et al., 2013). Furthermore, many
studies did not use an objective measure for clinical signs or a control group (Peterset al.,
1995; Froin et al., 1998; Watsonetal., 1998; Beech et al., 2002; Donaldson etal., 2002;
Perkinset al., 2002; Pongratz et al., 2010; Rohrbach et al., 2012; Dunkel etal., 2014;
Schottet al., 2014; Rendleet al., 2018), meaning assessment bias is probable. Veterinary
surgeons and owners may expect to see improvement as a result of treatment and
overestimate efficacy, thusresulting in bias towards a positive effect. However, the results
from these studies were comparable to studiesthat did use objective assessment (Aleman
et al., 2006; Anon, 2011a; Innera et al., 2013) or a control group (Love, 1993; Williams,
1995; Schott et al., 2001; Speltaand Axon, 2012).

The lack of adequate control groups also means other potentially confounding factors, such
as changes in management post-diagnosis cannot be controlled for. In their small case
series, Spelta and Axon (2012) detailed the standardised management advice that was
provided to owners, including di etary and preventive health care recommendations. Since
many of these management changes could have an impact on clinical signs associated with
PPID, and therefore the outcome of clinical response to treatment, they may be considered
as co-interventions. Where co-interventions are not balanced across the study population,
there is potential for performance bias, and none of the studies reviewed reported making
any considerations for co-interventionsin the evaluation of response to treatment. It is
therefore possible that some clinical improvements attributed to a positive response to
pergolide treatment could actually reflect a response to improved husbandry and general

health care.

While studies including client-owned animals are likely to be more representative of the
general population of PPID cases, compared to experimental studies, or those undertaken
within research herds, there is a necessary reliance on owners correctly and successfully
administering the prescribed dose of pergolide. None of the pu blications where the study

population included client-owned animals reported making any attempts to evaluate owner
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compliance with pergolide treatment recommendations. Non-adherence to, or departures

from, the intended pergolide treatment represent anothe rimportant potential source of bias.

Overall, the available evidence demonstrates improvement in clinical and endocrine
parameters in response to pergolide treatment. However, the evidence base is limited with
outcomes observed frequently being poorly defined. Ideally, a randomised, placebo
controlled clinical trial would be conducted to appropriately evaluate pergolide as an
effective treatment for PPID. However, it may not be considered ethical to withh old an
authorised treatment which has been shownto improve animal welfare (Fenwick et al.,
2009). Instead, further research should concentrate on the interrelationship between
endocrine parameters and clinical signs to improve interpretation of the clinic al signs, the
effect of early intervention and long -term administration as well as the efficacy of pergolide

for treating specific clinical signs such as laminitis.

Conclusion

Although the evidence available regarding the efficacy of pergolide treatmentis varied and
with potential biases, the current evid ence indicates that treatment with pergolideis
effective at improving clinical signs of PPID in the majority of cases. However, the reported
efficacy for improving plasma ACTH concentrations was more vared. Further evidence is

required to better inform c linical decision making.
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Appendices for Chapter 4

Appendix 1: Search strategy and results

Databases searched and dates

covered

NCBI PubMed (1950i Present)

Clanvate Analytics Web of Science (18981 Present)

CAB Direct (19601 Present)

Scopus (18231 Present)

International Veterinary Information Servi ce (IVIS) database (1997 7 Present)

Further relevant records were identified by the authors via the bibliographi es and reference lists of

retrieved publications and published conference proceedings.

Search terms

(Equine Cushing* OR Pituitary pars intermedia dysfunction OR PPID OR Hyperadrenocorticism OR
Pituitary adenoma) AND (horse* OR pony OR ponies OR equine ORequid*) AND (treatment* OR

therapy OR therapeutic* OR medication* OR management)

Dates searches per formed

23/04/2019,06/08/2019, 15/10/2019 and 31/07/2020
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Database Number | Excluded i Excluded i Excluded i Excluded i did Total
of non -English non -systematic pharmacokinetic/  /n | not answer relevant
results language review article, vitro | in vivo review papers
publication review in experimental study | questions
conference
proceedings or
letter
NCBI PubMed 156 2 30 5 87 32
Clarivate Analytics Web of
154 2 41 6 65 40
Science
CAB Direct 245 12 122 3 88 20
Scopus 249 7 64 4 132 42
International Veterinary
Information Service (IVIS) 29 4 7 1 13 4
database
Other sources 3
Total relevant papers when duplicates removed , following title and abstract screening 28
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Appendix 2: Study design, methodology and information reported in included stud ies based on STROBE checklist for cohort,

case-control and cross -sectional studies (combined)

STROBE item from checklist for cohort, case-control, and cross-sectional studies (combined)

Title and " : N Other
Reference abstract Intreduction Methods Results Discussion infor ion

Title and
abstract desogn

Aleman et al., 2006 ?
Anon 2011 ?
Beech et al,, 2009 ? ? ?

Christen et al., 2018 ?

Data sources!
measurement

Quantiative  Statistical

Vanables varables methods

Background Objectives Setting Participants Bias Study size Participants Descriptive Outcome Main results

data Keyresults Limitabons  Interpretation  Generalisability

Funding

Other
analyses

Donaldson et al , 2002

Gehlen et al , 2014
Horn et al., 2019

Innera et al., 2013
Love 1993

McFarlane et al., 2017

HOoH B OB B W OH B B

Orth et al., 1962
Pease etal_, 2011
Perkins et al., 2002
Pongratz etal., 2010
Rorhbach et al., 2012

Sgorbini et al., 2004

Spelta and Axon 2012 _

Walsh et al., 2008

EE"

? Checklist item partially addressed/partial information reported
B checkist item not addressedinsufficient information reported
#  Chechlist item not applicable

Key: Checklist item addressed
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Appendix 3: Study design, methodolo

for conference abstracts

Reference

gy and information reported in included studies

based on STROBE checklist

STROBE item from checklist for conference abstracts

Study

Title Authors -
design

Beech etal., 2002

Froin et al., 1998

Peters et al., 1995

Rendle et al, 2013

Rendle et al, 2018

Schott et al., 2001

Schott et al., 2014

Watson et al., 1998

Williams 1995

Key:

- Checklist item addressed

? | Checklist item partially addressed/partial information reported
- Checklizt item not addressed/insufiicient information reported

#

Checklizt item not applicable:

Objective

Methods

Results

Setting

Participants ‘ariables Stafistical
methods

Participants

Main Conclusions
resulis
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Appendix 4: Summary tables and data of included studies

A summary of extracted data for each included study, main limitations of the studies and

conclusions are presented in the tables below.
ACTH = Adrenocorticotrophic hormone
ODST = Overnight dexamethasone suppression test

TRH = Thyrotropin-releasing hormone

Author, year: Aleman et al., 2006

Type of Journal publication

publication:

Study Design: Case control study

Aim/Obijective of To compare muscle characteristics and haematological and serum
the Study: biochemical parameters between PPID cases and normal horses.
Setting: University referral hospital

Study Population: Non-random selectioni PPID cases from university research herd or

presented to a university hospital; details on recruitment of horse
owners/selection of horses not reported.
Controls: n=16 normal horses

T normal ODST or ACTH tested during winter and spring

PPID cases: n=15
1 Quarter Horse (n=5), Thoroughbred (n=4), Standardbred
(n=2), Arab (n=2), Appaloosa (n=1) and Mustang (n=1)

9 diagnosed based on clinical signs and positive ODST or

basal ACTH

1 1l1female, 4 male

1 agerange 1571 28 years (median 21 years)

9 3 ofthese PPID cases treated with pergolide
Intervention Control Group:n=12 PPID cases not treated with pergolide due to
Investigated: financial constraints.

Treatment Group.: n=3 PPID cases treated with 1mg pergolide
mesylate (Permax®) once daily for 3 months.

Outcome Clinicopathological findings, clinical signs, electromyography,
Measures: muscle biopsy
Main Findings: Haematology and biochemistry:

1 noabnormalities of haematological and biochemical
parameters in control group

1 mild leucocytosis with neutrophiliaand lymphopeniain 1
PPID horse; hyperglycaemiain 3 PPID horses; increased
sorbitol dehydrogenase and gamma glutamyl transferase in
1 PPIDhorse

Electromyography.
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1 EMG studies were not performed after treatment with
pergolide mesylate

Muscle biopsy:

1 PPID cases had mild nonspecific myopathic alterations
including myofibre size variation (n = 15), internal nuclei (n
=11), perimysial, endomys ial, and sarcoplasmic fat
accumulation (n =7)

1 muscle wasting in PPID horses was the result of atrophy of
types 2A and 2B muscle fibres and loss of type 2B myofibres

Pergolide treatment (n=3).

1 treatmentwith pergolide improved body condition score and
physical activity

1 no statistical differences in myopathic alterations of horses
with PPID before and after pergolide treatment

1 muscle fibre type composition was significantly different
following pergolide treatment: type 1 myofibres decreased
and types 2A and 2B increased

1 ACTH did not normalise (reference interval 27 10 pmol/L)
following pergolide

Interpretation of
Results:

Sample selecion likely to introduce bias. Baseline details of treated
and untreated PPID cases unspecified. Some laboratorytests poorly
described.

Neutrophilia, lymphopenia, hyperglycaemia and increased liver
enzymes occasionally seen in PPID cases.

Muscle atrophyin PPID cases is caused by Type Il muscle fibre
myopathy i change in muscle fibre composition identified in all
cases; however not clear if all PPID cases showed the same degree
of myopathic changes.

Very small sample size treated with pergolide. Treatment for PPID
with pergolide resulted in clinical improvement (improved body
condition score and physical activity) and showed beneficial effect
on muscle fibre type composition.

Author, year:

Anon201la

Type of Freedom of Information Summary i NADA 141-331

publication:

Study Design: Uncontrolled, non-randomised field trial

Aim/Obijective of To evaluate the effectiveness of pergolide mesylate in controlling

the Study: the clinical signs associated with PPID in horses under field
conditions.

Setting: University referral hospital, research herds and private practice

Study Population: 122 equids diagnosed with PPID (age range 107 35 years; 59

male, 63 female, bodyweight 137-621 kg, and 16 breeds) at eight
sites.

Animals were scored (0-3) for hypertrichosis, hyperhidrosis,
polyuria-polydipsia, abnormal fat distribution, and muscle wasting.
Inclusion criteria were a hypertrichosis score >1 and either a
plasma ACTH concentration >50 pg/ml or failure of endogenous
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cortisol concentrati ol®hdursafterupp
intramuscul ar dexamet hasone ad
seasonal risewas avoided

Intervention
Investigated:

Control Group. Not applicable

Tg/ kg, once daily)

Treatment Group. n=122 treated with oral p ergolide mesylate (2

Treat ment with oral pergolide)
was started within 7 days of initi al evaluation. Animals were re-
evaluated (physical exam and endocrine testing) after 90 (n=113)
and 180 days (n=111) of treatment. When endocrine test results
remained abnormal at 90 days (n=47), the pergolide dose was
increased to 4 Tgyykg orally onc

Outcome
Measures:

Clinical signs and endocrine testing.

Treatment success after 180 days was defined as either
normalisation of ODST results (<1.0 ug/dl) or a decrease in plasma
ACTH concentration by 50% (orto <50 pg/mlbut with a reduction
of at least 5 pg/ml) and improvement by a score of >1 in at least
one clinical sign. Treatment was also considered successful when
the sum of clinical scores decreased by >3, regardless of endocrine
test results.

Main Findings:

76% (86/113) equids were treatment s uccesses (two horses
withdrawn by their owners between 90 and 180 days were
categorised as treatment failures). The remaining nine animals died
(n=8) or were euthanized (n=1) due to worsening of pre -existing
conditions (laminitis and dental disorders) or c olic. After 90 days of
treatment, 58% (66/113) had normal endocrine test results and
clinical improvement. Both median scores of clinical signs and mean
concentrations of ACTH and cortisol (following dexamethasone
administration) decreased during the study period. Transient
inappetance was the most common adverse event observed in
40/122 (33%) equids, mostly during the initial 30 days of

treatment. Other adverse events reported included lethargy, colic,
diarrhoea, lameness, and weight loss in less than 10% of cases and
it was unclear whether or not these events were related to use of
the drug. There were ten reports of laminitis during the study:

seven were recurrent episodes in animals with a previous history of
laminitis and three were apparently new cases of laminitis.

Interpretation of
Results:

Limited information regarding selection of study population,
therefore not possible to assess risk of bias. Enrolment ofall PPID
cases during winter period however follow-up examinations and
endocrine tests conducted Januaryi March and April 7 June
avoiding seasonal increases in reference intervals.

This open label field efficacy study demonstrated that pergolide is
effective in improving endocrine parameters and clinical signs of
PPID in the majority of treat ed horses; however, not all clinical
problems may be fully corrected (e.g. laminitis).

All disease events occurring during trial reported as adverse
reactions. Of the adverse events reported, only transient
inappetance was noticeably higher than previous reports of disease
frequency in aged horses.
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Author, year:

Beech et al., 2002

Type of Conference abstract

publication:

Study Design: Uncontrolled, non-randomised field trial

Aim/Obijective of To evaluate the effects of Vitex agnus castus extract for the

the Study: treatment of PPID.

Setting: Unclear (all horses were maintained and medicated by their
owners)

Study Population: 14 horses selected based on clinical signs of PPID and increased
plasma ACTH (n=12) and/or ODST
and O19 years (n=3); 8 gelding

Intervention Control Group. Not applicable

Investigated: Treatment Group. n=14 PPID cases treated with Vitex agnus
castus extract for 2 7 6 months. Study design intended treatment
duration to be 6 months, but due to deterioration in clinical signs,
treatment was discontinued after 2 months (4 horses) or 4 months
(4 horses), while 6 remained on treatment for the 6 month
duration.

Due to worsening of their clinical condition, 9 of the Vitex treated
horses were subsequently treated with pergolide (0.002 i 0.006
mg/kg once daily per os) for 2 7 9 months (7 horses received
pergolide for 3 months and 2 horses for > 4 months) .

Outcome Clinical signs and endocrine testing

M easures:

Main Findings: Only 1 of 14 horses remained stable and did not show clinical

deterioration while treated with Vitex agnus castus extract.

8/9 horses subsequently treated with pergolide showed
improvement in clinical signs. ACTH decreased in pergolidetreated
horses: after 1 month of pergolide, ACTH was unchanged in 2/6
horses and B08dnu4/6 kodsesh After @ months of
pergolide, ACTH was within normal reference interval for 1/5, >35
but <60 pg/ml for 3/5 and remained elevated for 1/5 (between

24071 363 pg/ml, b ut >50% reduction from pre -treatment values).
Of the 4 PPID cases diagnosed based on abnormal ODST, 3
showed normal suppression after commencing pergolide treatment.
One horse had pergolide treatment discontinued due to lethargy
observed when administered 0.004 mg/kg daily for a 2 month
period.

Interpretation of
Results:

No description of case selection precluding assessment of selection
bias. Very small sample size treated with pergolide. Did not use
seasonally adjusted reference intervals for ACTH br diagnhosis or
monitoring response to treatment.

Results demonstrate lack of efficacy of Vitex agnus castus in the
treatment of PPID, and that pergolide is effective in improving
endocrine parameters and clinical signs of PPID in the majority of
treated horses.

149



Author, year:

Beech et al., 2009

Type of Journal publication

publication:

Study Design: Non-randomised controlled trial

Aim/Obijective of To measur e pl-MSHuaad indulrTcehcentidtions during

the Study: various photoperiods between February and October in horses and
ponies with and without PPID.

Setting: Not stated i 36 privately owner pleasure horses/ponies; 6 PPID

horses from research herd at University

Study Population:

No information provided regarding study population selection.
PPI D cases: n=15 with at | east
ponies (mean age 21.3 + 4.3 years), 8 horses (mean age 24.5 +
5.2 years); 5 geldings; 1 0 females.

Controls: n=27 with no clinical signs of PPID; 13 ponies (mean age
7.1+ 2.5years), 14 horses (mean age 6.6 + 1.6 years); 12
geldings, 14 females, 1 entire male.

Intervention
Investigated:

Control Group:n=7 untreated PPID cases

Treatment Group: n=8 (4/7 PPID ponies and 4/8 PPID horses)
were being treated with oral pergolide. Pergolide dose ranged from
0.5mg daily in ponies to 3mg daily in horses.

Outcome
Measures:

A C T H-MSHA&nNd insulin concentrations in different photoperiods
in normal and PPID horses and ponies.

Jugular blood samples collected during 8 photoperiods: 1) February
13"7 March 2"%; 2) April 471 6"; 3) June 19" i 22" 4) August

6" 1 71; 5) August 14" 17™; 6) September4t i 6';7)
September 26" i 28" and 8) October 16" 1 18™". All plasma
sampl es wer e as s ajyMSH. Ingukinconcer@ratibin
was measured on plasma samples from 8 PPID group horses, 4
PPID group ponies, 6 control group horses and 6 control group
ponies. Laboratory reference intervals were 9 i 35 pg/mL for ACTH
and107 40 71 U/ mL for insulin. RSH
<90 pmol/L.

Main Findings:

Control group:

Plasma ACTH significantly higher Augusti October than February i
June.

P | a s AViBH tdncentrations significantly higherwith increasing
daylight. There were no significant seasonal changes in plasma
insulin concentration except that log insulin concentration was
lower in photoperiod 3 than in photoperiod 1.

PPID group:
Pl as ma A C-MS8H cancedtratibns were significanty higher
in autumn photoperiods.

Horses and ponies receiving pergolide, compared with those not
receiving pergolide, had significantly less of an increase in plasma
| o gMSH concentration in photoperiods 7 and 8, and significantly
lower plasma log ACTH concentration during photoperiod 8.
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Interpretation of
Results:

Responseto treatment with pergolide was not a study objective.
Infor mation on sample selection limited therefore unable to assess
selection bias. Small sample size.

Seasonally adjusted reference intervals indicated when using basal
ACTH -B3H adldiagnostictest for PPID.

PPID cases treated with pergolide had lower ACTHcompared to
untreated cases during autumn.

Author, year:

Christenet al., 2018

Type of Journal publication

publication:

Study Design: Randomised placebacontrolled trial

Aim/Obijective of To evaluate faecal worm egg counts (FWEC) inhorses with pre-
the Study: clinical PPID before and after treatment with pergolide.

Setting: Sanctuary for retired horses

Study Populat ion:

n=48 horses; mean age 24.8 years (standard deviation 3.6 years;
range 147 32 years); 22 geldings and 26 mares; dividedin to pre-
clinical PPID or healthy control groups based on basal ACTH:
Pre-clinical PPID cases (n=24) with no obvious clinical signs of
PPID but ACTH concentrations >35 pg/mL in July. Horses in pre-
clinical PPID group randomly allocated to pergolide or placebo
treatment group using simple randomisation from freely available
online software.

Controls (n=24) 1 healthy horses with ACTH concentrations below
upper limit of reference interval.

Intervention
Investigated:

Control Group: n=9 placebo-treated subclinical PPID cases
(received same tablet as pergolide (Prascend, Boehringer
Ingelheim) without the active ingredient for 3 months)

Treatment Group: n=10 treated with pergolide (0.002 mg/kg once
daily per os) for 3 months (1 st October2014 to 315 January 2015)

Outcome
Measures:

Primary outcome measure was faecal worm egg count, measured

at baseline, one month priorto treatment and after 3 month
treatment period.

ACTH measured before treatment (July) and after 3 months of
pergolide or placebo treatment (January; n=19 horsesas 5 animals
in PPID group died of unrelated causes before second blood sample
collected).

Main Findings:

Difference in FWEC after treatmentin pergolide group compared
with placebo-treated animals did not reach statistical significance.
FWECsignificantly lower after treatment in pergolide -treated
animals compared to baseline (p=0.03) but not significantly
different from baseline in placebo group.

ACTH significantly lower following treatment with pergolide
(p<0.01): median ACTH 75.2 pg/mL (ran ge 39.11 195) at baseline
and 25.9 pg/mL (7.47 50.1) following 3 months of pergolide
treatment. No significant difference in baseline and post-treatment
ACTH in placebo group: median 80.7 pg/mL (range 39.371 127) at
baseline and 73.2 (37.81 479) following 3 mon ths of placebo
treatment.
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Interpretation of
Results:

Small sample size made smaller by high loss to follow-up for a
short study. Methods do not state whether study was blinded.
Treatment with pergolide resulted in significant reduction in ACTH
levels that was not observed in the placebo-treated controls.

Author, year:

Donaldsonetal., 2002

Type of Journal publication

publication:

Study Design: Case series

Aim/Objective of To evaluate the response of horses with PPID to treatment with

the Study: pergolide or cyproheptadine by evaluating clinical signs and plasma
ACTH, insulin, and glucose concentrations before and dter
treatment.

Setting: University referral hospital ambulatory service

Study Population: n=27 PPID cases
Records of horses evaluated for PPID at University of Pennsylvania
Ambulatory service between June 1996 and November 2001.
Criteria included plasma ACTH >50 pg/mL, at least 1 clinical sign,
and evaluation before and after treatment. Horses were evaluated
for 1-10 months (median 2 months).

Intervention Control Group. n=7 cases treated with oral cyproheptadine:

Investigated: 0.25 mg/kg as a total dose every 24 hours.
Treatment Group: n=20 cases treated with oral pergolide: median
oral dose was 3 1g/kg (0.003 mj{
1.7 to 5.5 Tg/kg.

Outcome Clinical signs and ACTH

Measures:

Main Findings: With pergolide treatment, there was a significant decrease in

plasma ACTH, but notinsulin or glucose concentration; 60% of
horses reached a plasma ACTH within the normal reference
interval. There was no significant change in any of the 3
parameters with cyproheptadine treatment.

There was a direct correlation between pergolide dose and ACTH
concentration after treatment, as well as between duration of
treatment and ACTH concentration.

Improvement in clinical signs was reported by 85% of owners of
horses treated with pergolide and 28% of owners of horses treated
with cy proheptadine.

There was a significant decrease in the prevalence of laminitis
following treatment with pergolide (p<0.001).

Interpretation of
Results:

No details provided regarding selection of study population, nor
treatment allocation, which was not ra ndomised. Selection criteria
for treatment not reported. Long study period yet short duration of
follow-up. Subjectto inherent biases affecting studie sthat rely on
retrospective review of clinical records. Pergolide was clearly shown
to be more effective than cyproheptadine in improving both clinical
signs and ACTH, with 60% of pergolide-treated horses having
normal ACTH concentration after treatment and 85% reported to
have an improvement in clinical signs.
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Author, year:

Dunkelet al., 2014

Type of Journal publication

publication:

Study Design: Case series

Aim/Obijective of To describe historical and clinicopathological findings, progression

the Study: and outcome in horses and ponies with severe
hypertriglyceridaemia secondary to an endocrine disorder.

Setting: Cases presented to or treated by various University referral
hospitals in the UK and USA.

Study Population: n=6 PPID cases
Agerange 171 28 years; 2 mares, 3 geldings and one case where
sex was not reported. PPID diagnosed on clinicalsigns and ACTH
concentrations (n=4) or overnight dexamethasone suppression test
(n=2).

Intervention Control Group. Not applicable

Investigated: Treatment Group. n=5 cases treated with oral pergolide; doses
ranged from0.7718 1 g/ kg dai lianstgtiegdose 3.8 (
1g/ kg once daily per o0s)

Outcome Clinical signs and ACTH

Measures:

Main Findings: Clinical improvement was observed in the majority of treated

horses (4/5), short term improvement in ACTH was reported in 2/3
horses. Adverse effects (depression, anorexia, and heart murmur)
observed in 1 horse treated with compounded pergolide (3.8 T g/kg
per os once daily), not observed on subsequently reduced dose of
pergolide.

Interpretation of
Results:

Small descriptive case series treated at/by teaching/referral
hospitals, and all cases also had concurrent hypertriglyceridaemia
so results are not likely to be generalisable all PPID cases. Variable
follow-up duration and in terms of clinical examination findings and
laboratory analyses reported. Subject to inherent biases affecting
studies that rely on retrospective review of clinical records. Severe
hypertriglyceridaemia can develop secondary to PPID, and
successful treatment of PPID with pergolide may resolve this
without primary treatment of hypertriglyceridaemia.

Author, year:

Froin et al., 1998

Type of Conference abstract

publication:

Study Design: Case series
To study the influence of pergolide tre atment on plasma ACTH and
cortisol values of horses with an adenoma of the pars intermedia
and control horses.

Setting: Private referral practice

Study Population: ACTH and cortisol measured in 42 PPID cases and 55 healthy

controls.
n=5 PPID cases treated with pergolide and followed for up to 12
months
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Intervention Control Group. Not applicable
Investigated:
Treatment Group: n=5 treated with pergolide (1.7 pug/kg once daily
per 0s)
Outcome Treatment response based on clinical signs, ACTHand cortisol
Measures:
Main Findings: All treated horses showed clinical improvements, after a minimum

period of 3 months of pergolide treatment. All horses returned to
their pre-illness activity level after 3-12 months of treatment. ODST
results returned to normal in 3, basal cortisol reduced in 1 and
ACTH reduced in another.

Interpretation of
Results:

Small study, incompletely reported as an abstract, with variable
laboratory analyses reported for assessing response to treatment.
No information on case selection reported therefore unable t o
assess selection bias. A further 37 PPID cases identified via
elevated basal ACTH but no details provided regarding why these
cases were not treated/followed -up. Overall positive response to
pergolide therapy at quite a low d ose in 5 PPID cases.

Author, year:

Gehlenet al., 2014

Type of Journal publication

publication:

Study Design: Case control study

Aim/Obijective of To examine insulin and glucose metabolism in horses with PPID, to

the Study: investigate the effect of p ergolide treatment on insulin and glucose
metabolism and to determine whether pergolide has an effect on
laminitis by lowering hyperinsulinaemia.

Setting: Not reported

Study Population: n=38 PPI D cases, diagnosed bas:¢{
measured in January plus advanced clinical signs of PPID.
Study populationincluded 17 ponies, 16 Warmbloods, 4
Thoroughbreds, and 1 draught horse; 22 mares and 16 geldings;
mean age 24 years (range 161 38 years).

Intervention Control Group. n=25 untreated PPID cases

Investigated: Treatment Group: n=13 cases treated with oral pergolide for at
least 3 months; doses ranged from 0.5-2 mg/day per os

Outcome Insulin, insulin resistance (IR) and ACTH were measured along with

Measures: triglyceride, fructosamine and glucose levels, and number of
animals with historical laminitis episodes.

Main Findings: Difference in ACTH levels between pergolidetreated and non-

treated horses not shown but reported as not statistically
significant, however levels tended to be lower in treated animals.
Overall, 39.5% (n=15/38) showed alterations of glucose and
insulin metabolism. There were no significant differences between
groups for insulin, glucose, triglyceride, fructosamine or IR and
these were not different between treated and untreated animals.
No correlation between glucose metabolism and ACTH levels or
ACTH levels and age. Laminitis was observed in both groups.
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Interpretation of
Results:

Stated study aim of determining whether pergolide affects insulin
and therefore laminitis incidence is not addressed. Similarly,
without having assessed insulin and glucose parameters before and
after pergolide treatment, the s tudy aim of investigate the effect of
pergolide treatment on insulin and glucose metabolism has not
been achieved.

No description of the sampling frame or case selection, precluding
assessment of selection bias. Selection criteria for pergolide
treatment not reported. Possible bias towards more severe cases
receiving pergolide which may have influenced findings. Variable
doses without bodyweight information also make comparison or
extrapolation of findings difficult. Provides very limited information
regarding the effect of pergolide treatmentonin sulin and glucose
metabolism and ACTH levels.

Author, year:

Horn et al., 2019

Type of Journal publication

publication:

Study Design: Retrospective cohort study

Aim/Obijective of To describe clinical features of PPID at lower southern latitudesin

the Study: Australia and to investigate factors associated with survival,
laminitis and insulin dysregulation (ID) in equids diagnosed with
PPID.

Setting: Eight veterinary institutions in five regi ons of Australia; 57% of
PPID cases were first opinion and 43% were referral hospital cases,
diagnosed between 200271 2018

Study Population: n=274 PPID cases, diagnosed between 2002 and 2018, based on

basal ACTH (n=263), ODST (n=9), TRH stimulation test (n=12) or
post mortem examination (n=2). Reported data indicat e a small
number of cases were diagnosed using >1 of the tests above, but
no further details provided. ACTH cut-off values adjusted by season
and location:

northern Queensland: autumn 101 pg/mL; non -autumn 67 pg/mL
southern Western Australia: autumn 94 pg/ mL; non-autumn 43
pg/mL

Tasmania: autumn 75 pg/mL; non -autumn 46 pg/mL

southern South Australia, Victoria and southern Queensland:
autumn 77.4 pg/mL; non -autumn 29.7 pg/mL

Season of diagnosis was spring for 22.3%, summer for 19.0%,
autumn for 38.5% and win ter for 20.1% of cases.

Study populationincluded 48.1% ponies, 12.6% Thoroughb reds,
10.7% Warmbloods, 9.5% Arabs, and 50 other horse breeds
(19.1%) (based on 262 cases with breed recorded); 42.0% mares,
53.3% geldings and 4.7% stallions (based on 255 cases with sex
recorded); median age at diagnosis 21 years (range 81 42 years).
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71.9% of cases had follow-up information, with duration of follow -
up ranging from 0 7 85 months (median 11 months). Proportion of
pergolide-treated cases with follow-up data not reported.

Intervention
Investigated:

Control Group.n=29 PPID cases, presumed to be untreated but
not reported in publication and not clear how many of these cases
had follow-up

Treatment Group. n=218 cases treated with oral pergolide; doses
rangedfrom057112 .5 1T g/ kg daily per o
1g/ kg once daily per os). Wher |
45.6% were treated with a liquid formulation of pergolide and

54.6% were treated w ith a tablet form. Pergolide dose was
increased for 61 cases, with final pergolide dose ranging from 0.5 i
16 1 g/ kg daily per os (median f
proportion of cases treated with a tablet form of pergolide

increased by the final re-examination (78.1%; n=57/73) compared

t0 21.9% of cases treated with liquid pergolide.

Outcome
Measures:

Laminitis (diagnosed by radiography or histology), insulin
dysregulation clinical signs, ACTH concentrations and survival.

Main Findings:

92 pergolide-treated cases (64.3%; denominator not reported but
calculated as 143 and presumed to represent total number of
pergolide-treated horses with follow -up data) had veterinary -
reported clinical improvement at re -examination. Only 1 untr eated
case (6.7%) was reported to have clinical improvement observed
at re-examination.

ACTH concentrations were first retested for 62.9% of cases at a
median of 4 months (range 1 i 6 months), with up to 3 further re -
tests reported for a small proportion of cases, performed at
decreasing frequency (median 12.5 months between 1%t and 2"
tests up to median of 25 months between the 3 ' and 4" tests). Of
117 pergolide-treated cases, 44.4% had ACTH concentrations
within reference intervals at repeat testing, compared to 0% of
untreated cases. However, data presented indicates that not all
pergolide-treated cases had normal ACTH concentrations at the
first re-examination, nor across all repeat tests.

Pergolide treatment was associated with increased odds of survival
(oddsratio 3.8; p=0.04).

Interpretation of
Results:

Provides some comparison between pergolidetreated and
untreated cases. Subjectto inherent biases affecting studies that
rely on retrospective review of clinical records. 28% loss to follow -
up which may introduce bias if not occurring at random. Several
variables evaluated had moderate-high amount of missing data,
with only 71 cases included in the final multivariable logistic
regression model for prediction of survival. Seasonally adjusted
ACTH cutoff values utilised for PPID case definition were not
available for the first 10 years of the study period, and may
therefore differ from diagnostic cut -off values utilised by treating
veterinary surgeons at the time of case presentation. Selection
criteria for pergolide treatment not reported. Possible bias to wards
more severe cases receiving pergolide which may have influenced
findings. Conversely, more severe cases may have been more likely
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to be euthanased at the time of, or within short time period
following, diagnosis. Variable follow-up duration and inter vals at
which laboratory analyses performed. Duration of pergolide
treatment prior to veterinary re -examination not reported,
therefore unable to determine time period over which clinical
improvement was observed. Pergolide treatment resulted in
clinical improvement in in 64% horses, normalisation of ACTH
concentration in ~44% following treatment and was positively
associated with survival.

Author, year:
Type of
publication:

Innerd et al., 2013
Journal publication

Study Design:

Uncontrolled, non-randomised field trial

Aim/Obijective of
the Study:

To compare hair follicle stages in PPID-affected horses with
hypertrichosis with normal aged horses (controls) and to compare
hair follicle stages in PPID-affected horses after 6 months of
treatment with pergolide me sylate with those of control horses.

Setting:

University referral hospital and 5 client-owned PPID cases kept at
home premises

Study Population:

n=8 PPID-affected horses (5 mares and 3 geldings; mean age 24
years; range 20-29 years) and n=4 normal, age -matched control
horses (3 mares and 1 gelding; mean age 25 years; range 21-29
years).

PPID cases diagnosed based on hypertrichosisand ODST, and we
included in study population for pergolide field trial (Anon 2011).
Control horses had no history of abnormal hair coat or delayed
shedding and had normal ODST results.

Intervention
Investigated:

Control Group: Not applicable

Treatment Group. n=8 treated with oral pergolide (2 pg/kg once
daily per 0s), and increased to 4 pg/kg once daily for all 8 cases as
ODST test results remained abnormal after 3 months of treatment.

Outcome
Measures:

Skin biopsy resultsi the number of hair follicles in anagen (A) or
telogen (T) was counted using transverse sections, and mean
percentages of A and T stages of hair follicles in PPID cases post
treatment with pergolide were calculated. Clinical scoring of
hypertrichosis (0 = normal, no unusual h air growth; 1 = regional
hair coat changes, long hair growth restricted to discrete areas; 2
= generalised hair coat changes (slightly to moderately long hair
coat that fails to shed out as in previous years); 3 = severe hair
coat changes (severely long and/or curly hair coat over the entire
body that fails to shed)).

Main Findings:

Pre-treatment biopsies had a greater percentage of A follicles (neck
96%, rump 95%) and a lower percentage of T follicles (neck 4%,
rump 5%) in PPID -affected horses than in control horses (A, neck
15%, rump 25%; and T, neck 85%, rump 75%). After 3 months

of pergolide treatment, PPID cases showed improved attitude,
decreased sweating, and decreased polyuriaand polydipsia, and a
decreased in median hair coat score from 3 pre-treatmentto 2.5.
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After 6 months treatment with pergolide, 50% of PPID cases had
normal ODST results, all PPIDaffected horses had improved
shedding, median hair coat score had decreased to 1, and the
percentages of A follicles (neck 69%, rump 70%) and T fol licles
(neck 31%, rump 30%) were not different from untreated control
horses (A, neck 68%, rump 82%; and T, neck 32%, rump 18%) .

Interpretation of
Results:

Information on sample selection limited therefore unable to assess
selection bias. Smallsample size. Study gives an objective indicator
of treatment success un-reliant on owner opinion. Findings
indicate excessively long har coat in horses with advanced PPID is
a consequence of persistence of hair follicles in the anagen stage.
Treatment with pergolide improved hair coat shedding and reduced
the percentage of anagen follicles in PPID-affected horses, and
normalisation of ODST was achieved in 50% of pergolide-treated
PPID cases.

Author, year:

Love 1993

Type of Journal publication

publication:

Study Design: Case series

Aim/Obijective of To describe clinical presentation and outcome following treatment

the Study: in 5 PPID cases.

Setting: University referral hospital

Study Population: n=5 PPID cases; age range 131 34 years; all British native breed
ponies referred to Glasgow University during a 2 year period
starting in January 1990. PPID diagnosed based on TRH stimuétion
test measuring cortisol.

Intervention Control Group.:n=1 untreated; n=4 treated with oral

Investigated: cyproheptadine (incremental increased dose from 0.6 mg/kg ®"5to
1.2 mg/kg %7®)
Treatment Group: n=1 treated with oral pergolide; following p oor
results with cyproheptadine treatment and 2 ponies being
euthanased, 1 of the remaining 2 treated ponies was subsequently
treated with oral pergolide (3mg daily for 6 weeks, 1mg daily for 6
weeks, then 1mg every other day thereafter).

Outcome Clinical signs

Measures :

Main Findings: Five ponieswere diagnosed with PPID. Four of the 5 ponies were

treated with cyproheptadine with a satisfactory response in only
one pony. One pony was treated with pergolide after unsuccessful
treatment with cyproheptad ine and showed marked clinical
improvement after 3 weeks, which was sustained during 6 months
of follow-up. Temporary anorexia (10 day duration) was noted
after initiation of pergolide treatmentin thi s animal, but improved
within 3 weeks.

Interpretation  of
Results:

No information on case selection reported therefore unable to
assess selection bias. Small sample size from referral hospital
population. Single pony treated successfully with pergolide after
treatment failure with cyproheptadine. Temporary anorexiain one
pergolide-treated pony when on high dose (3mg daily).
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Author, year:

McFarlaneet al., 2017

Type of Journal publication

publication:

Study Design: Uncontrolled, non-randomised clinical trial

Aim/Obijective of To evaluate the pharmacokinetic and pharmacodynamic properties

the Study: of pergolide in horses with PPID after long-term oral
administration.

Setting: University referral hospital research herd

Study Population: n=6 PPID cases (mean age 24.3 years; range 187 28 years; 3
geldingsand 3 mares; 3 Quarter Horses, 2 Tennessee Walking
Horses and 1 Standardbred cross).
PPID cases diagnosed based on clinical signs and TRH stimulation
test.

Intervention Control Group. Not applicable

Investigated: Treatment Group. n=6 treated with ora | pergolide once daily: 1
mg/day per horse (~0.002 mg/kg/day) for 2 months and then 2
mg/day per horse (~ 0.004 mg/kg/day) for an additional 4 months.
Pergolide tablet was dissolved in 3-5 mL of water then mixed in
feed.

Outcome Steady-state pharmacokinetic properties of pergolide in PPID cases

Measures: and duration of ACTH regulation and duration of quantifiable drug
in the plasma of horses after discontinuation of pergolide following
long-term administration.

Main Findings: After discontinuing treatme nt, pergolide could be quantified in

plasma for 2-7 days and ACTH levels significantly increased in all
horses after 14 days following cessation of treatment. Basal (but
not TRH stimulated) ACTH concentration was significantly lower at
weeks 16, 20, and 24 after initiation of pergolide treatment
compared to pre-treatment values. After 2 months ofthe initial
dose, ACTH levels in all horses were abovehe reference interval
and ACTH concentration remained above the seasonal reference
interval (>100 pg/mL) in all horses after a subsequent increase in
pergolide dose to ~ 0.004 mg/kg/day.

Interpretation of
Results:

Information on sample selection limited therefore unable to assess
selection bias. Small sample size with no comparison group.
Pergolide effectively decreased ACTH concentration in all horses,
though not to within seasonally adjusted reference intervals. A fter
discontinuing pergolide treatment, ACTH concentration increased
by 50% in 3/6 horses by 2 days and 6/6 horses by 10 days.
Pergolide was detectable in all horses at 2 days and in noneat 10
days after the last dose. Results support once daily dosing with
pergolide is appropriate for the treatment of PPID cases.

Author, year:
Type of
publication:

Orthetal., 1982
Journal publication

Study Design:

Case series
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Aim/Objective of
the Study:

To study plasma concentrations of pro-OLMC peptidesin 10normal
horses under basal conditions and in 2 PPID cases under basal
conditions, during various tests of pituitary -adrenal function, and
after the administration of dopamine and dopaminergic agonists.

Setting:

Not stated

Study Population:

n=10 normal control horses

n=2 PPID cases

Case 1: 7-year-old mare with clinical signs consistent with
advanced PPID. Blood tests were performed, and the horse was
then euthanased because no effective treatment was available.
Post mortem revealed a pars intermedia adenomaand hyperplastic
adrenal glands.

Case 2: 12-year-old mixed breed pony mare with clinical signs of
PPID, including laminitis. Blood tests were performed, and the pony
was successfully treated (therapy not specified).

Laboratory tests performed in PPID cases included cortisol, ACTH,
and otherpro-OL MC peptides including
corticotrophin-l i ke i nter medi at e -lipotrdpie[ g
L PH] , -emdomgbhind low and high dose dexamethasone
suppression tests, ACTH stimulatian, glucose tolerance, and insulin
tolerance. Additional tests performed in Case 2 included the
response of plasma cortisol and pituitary peptides to insulin,
vasopressin, dopamine HCL, bromocriptine, or pergolide mesylate.
Normal horses: a single blood sample was taken between 8 and 10
am to establish a standard for pituitary peptide concentrations.

Intervention
Investigated:

Control Group:Not applicable

Treatment Group. n=1 PPID case

A Ilntravenous dopamine hydroch
minutes

A Oral and subcutaneous bromoc
(dissolved in 2ml40% ethanol)

A oOr al pergolide mesyl at e, 5 m
combination with dexamethasone (capsule form of pergolide
provided by Eli Lilly)

Outcome
Measures:

Pro-OLMC peptidesbasally and in responseto standard tests of
pituitary -adrenal function.

Main Findings:

Both PPID cases had elevated basal and preOLMC peptides were
disproportionately increased. Both PPID cases were glucose
intolerant. Agents that affect secretion from the pars distalis
(glucocorticoids, vasopressin and hypoglycaemia) had little or no
effect on pro-OLMC secretion. Dopamine and dopamine agonists
(bromocriptine, pergolide) inhibited pro-OLMC secretion from the
pars intermedia in a single PPID case. Dopamine caused a rapid
fall in hormone levels. Bromocriptine and pergolide caused rapid
and sustained decreases in hormones to normal levels.

Interpretation of
Results:

Only included 2 PPID cases with very advanced disease and
concurrent insulin resistance. Pharmacological intervention study
on a single case of PPID provided details of the endocrinological
effect and duration of action of pergolide. Pergolide mesylate (5
mg, 0.014 mg/kg ) was compared to dopamine and bromocriptine
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and was found superior due to prolonged duration of action and
ease of administration. There were clear and marked reductionsin
A CT H-MS H -endbrphin and CLIP for 48 hours following a single
dose of pergolide.

Author, year:

Peaseet al., 2011

Type of Journal publication

publication:

Study Design: Case control study

Aim/Obijective of To determine whether pituitary glands of PPID -affected horses are

the Study: larger than those of aged horses without signs of PPID, whether
the size difference can be detected using computed tomography
(CT) imaging and whether pituitary gland size decreased in subset
PPID cases after treatment with pergolide.

Setting: University referral hospital research herd

Study Populat ion:

n=8 PPID cases (mean age 24 + 4 years; range 18 -28 years).
PPID diagnosed based on hypertrichosis and ODST.

n=3 aged control (PPID negative) horses (mean 24 + 5 years;
range 20-29 years). Computed tomography (CT) imaging twice 6
months apartin 10 horses, 6 treated with pergolide.

Intervention Control Group. n=2 untreated PPID cases

Investigated: Treatment Group. n=6 PPID cases treated with oral pergolide: 1
mg/day per os for 6 months (~ 2.3 pg/kg/day based on mean
weight of 435kg); increased t o 2 mg/day for 3 horses after 3
months due to ODST results remaining abnormal.

Outcome Pituitary gland height, width, length, weight, response to treatment

Measures: with pergolide.

Main Findings: On initial examination, pituitary glands of PPID horses were larger

in height (p<0.002) and width (p<0.01) than controls, but the
difference in length was not significant (p=0.06).

After 6 months of pergolide treatment of PPID horses, pituitary
gland length increased (p<0.03), but height and width were not
different from pre -treatment values. All 6 pergolide-treated horses
showed clinical improvement (less lethargy, improved hair coat
shedding and weight gain) after 3 months, and ODST results were
normalin 3/6 horses.

After 6 months of pergolide treatment, i mproved shedding of hair
coat was observed in all treated horses, although 1 horse with a
history of chronic laminitis had an exacerbation of laminitis when
spring pasture became available. ODST results were normal in 3
horses after 6 months, including 2 horses that had not been normal
at 3 months. One of the non -treated PPID horses remained fairly
healthy (with persistent hypertrichosis) during the 6 -month study
period, whereas the other hor se had exacerbations of chronic
laminitis and developed fungal keratitis prompting unilateral
enucleation. ODST results in the 2 untreated PPID cases remained
abnormal.

Interpretation of
Results:

Sample selection likely to introduce bias, and small sample size.
Selection criteria for pergolide treatment notreported. ODST
follow-up at 6 months was in August-September and likely to be
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affected by season. Relevance of CT findingsto clinical practice
limited, but study showed CT may be a useful imaging mod ality to
determine pituitary gland size of PPID-affected horses if facilities
for contrast enhancement and general anaesthesia are available.
Treatment with pergolide does not affect pituitary gland size, but
resulted in i mpr ove malcasesiaml5@© 1
cases had normal ODST results after either 3 or 6 months.

Author, year:

Perkinset al., 2002

Type of Journal publication

publication:

Study Design: Retrospective cohort study

Aim/Obijective of To determine the value of monitoring plasma ACTH levels during

the Study: treatment of PPID with either cyproheptadine or pergolide.

Setting: New York State Diagnostic Laboratory

Study Population: Questionnaire survey sent to submitting veterinary surgeon where
horses had ACTH >35 pg/mL. Duration of follow -up: median time
was 2 months (1-15 month range) between baseline and first
recheck, and between first recheck and second recheck.

Intervention Control Group:n=32 PPID cases treated with cyproheptadine (23

Investigated: horses and 9 ponies): n=5 on 225 -250 mg/day (either 0.5 mg/kg
once daily or 0.25 mg/kg every 12 hours)and n=27 on 450 -500
mg/day
Treatment Group. n= 10 PPID cases treated with pergolide (7
horses and 3 ponies):
n=7on 0.75 -1.0 mg/day (~0.0017 mg/kg/day once daily per os);
n=1on 1.5 -2mg/day and n=2 on 0 .38-0.5mg/day.

Outcome ACTH and clinical improvement based on survey of veterinary

Measu res: surgeons

Main Findings: Overall including both treatment group, ACTH decreased

significantly from baseline to first recheck in all PPID cases, but not
between first and second rechecks. 90% of pergolide and 81% of
cyproheptadine treated horses |
sign. 90% of pergolide -treated horses presented with
hypertrichosis, and of these 44% (n=4/9) showed an improvement
after treatment. Decreases in ACTH were associated with
improvements in hypertrichosis. Pergolide-treated horses showed
normalisation to wit hin reference interval for ACTH at first recheck
in 10% of horses and 40% at second recheck. Improvement (but
not normalisation)in ACTH was seen in 60% of horses at first and
second rechecks in pergolidetreated horses.

Interpretation of
Results:

Major limitation is that study is based on laboratory sample data
and the authors did not examine the horses, but relied on
veterinary-reported questionnaire data. Subject to inherent biases
affecting retrospective studies and where data not accu rately
recorded in clinical records, there may be recall bias. No indication
of vet response rate is provided.

Results are presented as percentage of horses with decreases in
ACTHand so limit the ability to interpret the statistics. Seasonality
is not taken into consideration and will have affected the results.
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Pergolide treatment resulted in improvement in at least one clinical
sign in 90% horses and a decrease in ACTH in 60% following
treatment.

Author, year:

Peterset al., 1995

Type of Journal publication

publication:

Study Design: Case series

Setting: Private practice

Aim/Obijective of To assess the efficacy of low-dose pergolide therapy in horses and

the Study: ponies with adenomas of the pituitary gland.

Study Population: n=9 PPID cases; 5 horses (age range 181 32 years) and 4 ponies
(age range 1617 30 years). Cases presented between May 1993
and April 1995 for evaluation of clinical signs indicative of PPID.
PPID diagnosed based on ODST.

Intervention Control Group.: Not applicable

Investigated: Treatment Group. n=9 PPID cases treated with oral pergolide
(Permaxe t abl ets) at 0.0017 mg/ kg
be administered twice daily. Average duration oftreatment 13.6
months (range 1 i 23 months).

Outcome Clinical signs and ODST

Measures:

Main Findings: Eight of nine horses (88.9%) showed clinical improvement within

14 to 35 days (average 22.75 days), and seven of those had
ongoing improvement for 5to 52 weeks (average 21 weeks; after
which response to treatment appeared to stabilise).

ODST showed improvementin 5 of 7 horses (71.5%)in 1.75 -4.5
months (average 3.05 months); normalisationin ODSTin 2 of 7
horses (28.6%). Hyperglycemia resolved in all 5 horses/ponies that
presented with elevated glucose at baseline.

Two of three horses presenting with laminitis were reported to be
markedly improved within 2 weeks after pergolide treatment
started. One horse showed no clinical improvement but did sh ow
improved ODST results. No adverse effects of treatment were
observed.

Interpretation  of
Results:

No information regarding case selection therefore unable to assess
selection bias. Small sample size with no comparison group.
Monitoring was by owners and not by veterinary surgeons, for an
average time of 13.6 months (range 1l 7 23 months);t herefore
potential for introduced biases/errors from owner -reported data.
Clinical signs improved in 8/9 (89%) and 5/7 horses showed
improvement ofthe ODST. Severa other clinicopathological or
endocrinological variables improved in the majority of cases.
Improvements occurred in a time frame of 2 T 5 weeks. The
authors report favourable clinical results and lack of side effects at
this lower dose rate of pergolide.

Author, yeatr:
Type of
publication:

Pongratzet al., 2010
Journal publication
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Study Design: Retrospective cohort study

Aim/Obijective of To evaluate the long-term effects of pergolide therapy in PPID
the Study: cases by surveying owners using a questionnaire.
Setting: 19 PPID cases from University referral hospitals and 19 from first

opinion vets in Switzerland

Study Population: n=38 PPID cases, diagnosed between 19997 2009. PPID
diagnosed by ODST (n=13/38), elevated plasma ACTH (n=20/38)
or both tests (h=4/38). One horse was diagnosed solely on the
basis of clinical signs. Mean age 22 years (range 13-36 years); 22
Warmbloods, 11 Cobs and 5 ponies; 14 mares, 23 geldings and 1

stallion.
Intervention Control Group. Not applicable
Investigated: Treatment Group. n=38 treated with oral pergolide; 0.001 1 0.002

mg/kg per os once daily (n=23 on 0.001mg/kg and n=11 on 0.002
mg/kg; dose not reported for other 4 cases).

Outcome Owner-reported questionnaire data on clinical signs
Measures:
Main Findin gs: Clinical improvement reported for 88.6% of cases (n=31/35).

Improvement in clinical signs noted by owners after starting
pergolide treatment within 1 -2 weeks (18.4%; n=7/38); within2 -4
weeks (47.4%; n=18/38) or after 8 weeks (21.1%; n=8/38).
Following pergolide treatment, prevalence was significantly lower
(all p<0.05) for hypertrichosis (before 86.5%, n=33/38; after
23.7%,n=9/38), hyperhidrosis (before 63.2%, n=24/38; after
18.4%, n=7/38), poor performance (before 55.3%, n=21/38; after
79%,n=3/38), lethargy (before 57.9%, n=22/38; after 7.9%,
n=3/38), polyuria/polydipsia (before 39.5%, n=15/38; after

13.2%, n=5/38), muscular atrophy/lordosis (before 50.0%,
n=19/38; after 28.9%, n=11/38), weight loss (before 34.2%,
n=13/38; after 10.5%, n=4/38),fat  redistribution (before 36.8%,
n=14/38; after 7.9%, n=3/38), ataxia (before 28.9%, n=11/38;

after 7.9%, n=3/38), skin infections (before 26.3%, n=10/38; after
10.5%, n=4/38) and laminitis (before 39.5%, n=15/38; after
7.9%,n=3/38; 12/15 cases with previous history of laminitis had
no further reported episodes following commencement of pergolide

treatment).

Average duration oftreatmentwas 13.8 months (range 1 i 38
months).

90% of owners (h=34/38) were extremely satisfied with pergolide
treatment.

Adverse effects were reported in 28.9% of cases (n=11/38); most
frequently anorexia (15.8%, n=6/38), lethargy (10.5%, n=4/38),
and diarrhoea (5.3%, n=2/38), and 73.3% of affected horses
(n=8/11) showed adverse effects within the first 4 weeks of
treatment. All adverse effects were self-limiting with a constant
daily dosage, with the exception of 1 case where pergolide dose
was reduced from1517 g/ kg/ day to 1 Tg/ kg/

Interpretation of Relied on owner-reported health data. May be subject to selection,
Results: response and recall biases (variable and long time period between
diagnosis and data collection, e.g. 5/38 cases diagnosed >6 years
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previous to completion of questionnaire). Moderate owner
response rate’ no comparison with non-responders, and very low
veterinary response rate (8%), though unclear which data were
veterinary-reported. The vast majority of owners were satisfied
with pergolide treatment, and clinical improvement was observed
in 89% of cases.

Author, year:

Rendleet al., 2013

Type of Conference abstract

publication:

Study Design: Retrospective cohort study

Aim/Obijective of To evaluate ACTH response in hases treated with pergolide and to

the Study: investigate factors that may influence response to treatment.

Setting: Records of submissions to a single private practice diagnostic
laboratory (The Liphook Equine Hospital Laboratory)

Study Population: n=2,122 PPID cases
Laboratory recordsreviewed for cases in which ACTH concentration
was measured before and after instigation of pergolide treatment
between January 2007 and December 2012.

Intervention Control Group: Not applicable

Investigated: Treatment Group: all PPID cases where pergolide was commenced
after PPID diagnosis; no details of dose presented.

Outcome Reduction of ACTH concentratio

Measures: concentration to within seasonally adjusted reference intervals.

Main Findings: At the first follow -up, improvement in ACTH was identified in

54.8% of cases and return of ACTH concentration to within
seasonal adjusted reference intervals was identified in 28% of
cases. Equidswith a higher ACTH concentration pretreatment wi th
pergolide were more likely to improve (oddsratio [OR] 1.01, 95%
Cl 1.00-1.02; p=0.03), but less likely to return to within the
reference interval (OR 0.97;95% CI 0.96 1 0.98; p<0.001). Older
equids were less likely to improve (OR 0.56, 95% C1 0.46-0.67;
p<0.001). Improvement was more likely after a cumulative
pergolide dose of 50 mg (OR 1.59,95% CI 1.10-2.29; p=0.01) and
duration of treatment was positively associated with treatment
response (p=0.04). A daily do]
be associated with a reduction in ACTH concentration (OR 0.86,
95% C1 0.77-0.96; p=0.009).

Interpretation of
Results:

Major limitation is that study is based on laboratory sample data
and the authors did not examine the horses, butrelied on clinical
data recorded on laboratory submission forms. Subject to inherent
biases affecting retrospective studies. Unclear as to how
cumulative and estimated daily pergolide dose were calculated.
Results show pergolide treatment is effective in reducing ACTH in
the majority of PPID cases, although degree of improvement may
vary depending on signalment and dose-related factors.

Author, yeatr:
Type of
publication:

Rendleet al., 2018
Conference abstract
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Study Design: Retrospective cohort study

Aim/Obijective of To assess the efficacy of a palatable pergolide paste in PPID cases

the Study: considered to be refractory to treatment with a licensed pergolide
tablet formulation.

Setting: Not reported

Study Population: n=19 PPID cases
PPID cases selected for inclusion based on hétory of being
refractory to treat with a licensed pergolide tablet formulation.
Retrospective review of clinical records of 19 ponies with clinical
signs of PPID and ACTH concentration >50 pg/mL in July (10
ponies) or >100 pg/mL from August to October ( 9 ponies). All
ponies were re-examined after 1 month oftreatment, in October,
November and after 6 months oftreatment.

Intervention Control Group. Not applicable

Investigated: Treatment Group. n=19 administered palatable pergolide paste;
dose notreported

Outcome Clinical signs, ACTH and insulin concentrations

Measures:

Main Findings: Median ACTH decreased significantly following treatment with the

pergolide paste (from 206 pg/mL to 25 pg/mL in autumn cases,

and from 110 pg/mLto 37 pg/mLin non -autumn cases). ACTH
concentrations returned to within seasonally adjusted reference
intervals for 74% of cases (n=14/19). No significant difference in
insulin concentration observed following treatment. Not possible to
interpret improvement in clinical signs following treatment: abstract
s t a tckamal signs improved markedly, mildly, did noti mprove or
deteriorated in 31%, 12%, 43%, 4% and 10%, respectively 01 the
number of categories does not correspond to the number of
proportions reported, therefore una ble to determine which
proportion relates to which category. Inappetence was reported in
2 ponies (11%), which resolved after reduction of pergolide dose.

Interpretation of
Results:

Limited information provided in conference abstract. Limited
informatio n regarding case selection, therefore unable to assess
selection bias: ponies appear to have been recruited from private
practice(s) although this is not stated. Small sample size. Subject
to inherent biases affecting studies that rely on retrospective
review of clinical records. Reasonable duration of follow-up,
however information on dosing not reported. ACTH concentration
improved significantly to within reference ranges in the major ity of
ponies. It is not possible to determine improvementin clinical signs
from the data reported.

Author, year:

Rohrbachet al., 2012

Type of Journal publication

publication:

Study Design: Retrospective cohort study

Aim/Obijective of To identify trends in the diagnosis of PPID in horses presented to
the Study: veterinary teaching hospitals and to identify clinical and laboratory

factors associated with long-term prognosis, client perception of
treatment, and quality of life in a subset of PPID cases.
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Setting:

Veterinary teaching hospitals

Study Population:

Recorded diagnoses of PPID or synonym retrieved from database
for 15 veterinary teaching hospitals from 1 st January 1993 to 30"
June 2004: 217 PPID cases identified, plus further 14 cases from
clinical records at another University veterinary referral hospital.
n=44 PPID cases meeting inclusion criteria, of which 34 cases had
follow-up. Mean age of PPID cases at diagnosis 21.6 + 6.6 years
(n=36), 28 geldings and 16 mares; 35 horses and 9 ponies. Most
frequent method of PPID diagnosis was by presence of
hypertrichosis only in 15 (34%), and by hypertrichosisand ODST
test results in 10 (23%) of cases.

Intervention
Investigated:

Control Group. Not applicable

Treatment Group. Treatments administered after diagnosis were
available for 34/44 (77%) of study horses. P ergolide was given to
16/34 (47%), cyproheptadine to 12/34 (35%), and both pergolide
and cyproheptadine to 6/34 (18%).

Outcome
Measures:

Owner based telephone follow-up over 6 month period from July to
December 2004. For owner-reported clinical response, a positive
response to treatment was def il
sign at 2 months post-treatment without an increase in severity for
any other signs exhibited at presentation.

Main Findings:

Across all participating veterinary teaching hospitals, proportional
diagnoses of PPID increased from 0.25/1,000 hospital recordsin
199310 3.7/1,000in 2002.

For the majority of horses, clinical signs did not change over the
first 2 m onths post-treatment. Owners providing information on
type of treatment a nd response to treatment at 2 months (n=22)
reported positive response rates of 40% for pergolide (n=4/10)
and 29% for cyproheptadine (n=2/7), whereas 3/5 (60%) of
horses treated with both drugs had a positive response. Clinical
signs and clinicopathological data were not associated with
survival, and 50% of cases were alive 4.6 years after diagnosis.

Interpretation of
Results:

Significant loss to follow-up, even though study used a small
convenience samplei likely to have introduced bias. Majority of
results presented relied on owner-reported health data. Case
selection for follow-up poorly described. May be subject to
selection, response and recall biases (variable and long time period
(6 months 7 12 years) between diagnosis and data collection).
PP cases presented to veterinary teaching hospitals may not
represent cases in the field. Small sample size of animals treated
solely with pergolide. Pergolide had a better owner -reported
outcome after 2 months of treatment than cyproheptadine, and the
proportion of treated cases with clinical improvement was even
greater when pergolide used in combination with cyproheptadine,
but very small numbers and no direct comparison between
treatment groups presented (though discussion section mentions
difference between groups not statistically significant).

Author, year:

Schottet al., 2001
Conference abstract
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Type of

publication:

Study Design: Uncontrolled, non-randomised field trial

Aim/Obijective of To compare clinical and/or endocrine responses in horses with PPID

the Study: that are treated with cyproheptadine, pergolide, or not treated.

Setting: Collaboration between a University referral hospital and local
veterinarians

Study Population: Horses with naturally occurring PPID presented to Michigan
veterinary surgeons and enrolled in this field study administered by
Michigan StateUniversity from 1997 to 1999. Enrollment criteria
included clinical signs and diagnosticlow-dose ODST or TRH
stimulation test (measuring cortisol).
n=77 PPID cases enrolled; mean age 22.8 years (range 12i 34
years); most numerous breeds were Crossbreds (n=16), ponies
(n=15), Morgan (n=14), Quarter Horse (n=8), Arab (n=7), and
Thoroughbred (n=4); 37 (48%) mares, 38 (49%) geldings, and 2
(3%) stallions. Follow-up evaluations undertaken at 6 to 12
months, with only 32 cases having follow -up post-treatment.

Intervention Control Group:n=5 PPID cases receiving no treatment

Investigated: Treatment Group:
Treatment group 1: n=20 PPID cases administered oral pergolide,
2 1 gdndedalily
Treatment group 2: n=7 PPID cases administered oral
cyproheptadine, 1.2 mg/kg once daily

Outcome Clinical signs and endocrine testing

Measures:

Main Findings: Clinical improvement was reported more often with pergolide

treatment compared wit h cyproheptadine. Normal ODST and TRH
stimulation results were found in more horses treated with
pergolide (35%; n=7/20) than in horses treated with
cyproheptadine (14%; n=1 /7) or no treatment (20%; n=1/5)
(p<0.05). Mean concentrations for ACTH and insuin decreased
significantly after 6 -12 months of pergolide treatment (p<0.05)in
contrast to a lack of significant changes for cyproheptadine and no
treatment groups. There was no significant difference between
cyproheptadine-treated and untreated horses in proportion of cases
with normalisation of ODST and TRH. Decreased appetite was
seen in some pergolide-treated horses during the first week of
treatment, but resolved with a transient reduction in dose.

Interpretation of
Results:

No information on case selection reported therefore unable to
assess selection bias. No information provided regarding case
selection for treatment, and allocation to treatment group was not
randomised. There was substantial drop-out from the trial (58% of
enrolled animals failed to complete the trial), which was
unaccounted for and may bias the results towards positive
outcomes. Results showthat pergolide, at a dose rate of 0.002
mg/kg/day, was superior to cyproheptadine in alleviating clinical
signs and improving endocrine test results and that side -effects
were mild and transient.
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Author, year:

Schottet al., 2014

Type of Conference abstract

publication:

Study Design: Retrospective cohort study

Aim/Obijective of To document long-term (>5 year) treatment respons eto pergolide

the Study: in PPID cases.

Setting: University referral hospital

Study Population: n=30 PPID cases; diagnosed based on ODST or elevated ACTH
(>50 pg/mL) during 2008 -2009. Follow-up evaluations undertaken
at 6 months, 2.5, 3, 3.5, 4.5and 5.5 years aft er starting pergolide
treatment.

Intervention Control Group.: Not applicable

Investigated: Treatment Group. n=30 PPID cases administered oral pergolide, 2
1g/ kg once daily. Pergolide do
when endocrine test results remained abnormal.

Outcome Clinical signs and endocrine testing

Measures:

Main Findings: 40% of cases survived >5 years (47% were euthanased, of which

3/14 due to chronic laminitis and 13% died during the study). All
owners of surviving cases (n=12) remained satisfied with clinical
improvement, and 4/12 cases (33%) remained on the starting
pergolidedose (2 1 g/ ledaily. Mtlast follow-up, ACTH
concentration was normal (<50 pg/mL) in 71% of cases and ODST
results remained normalin 61% of cases.

Interpretation of
Results:

No information on case selection reported therefore unable to
assess selection bias. Small sample size, and based on referral
hospital population. Did not appear to use seasonally adjusted
reference interval for ACTH. Long-term treatment with pergolide
resulted in clinical improvement, normalisation of endocrine test
results, and owner satisfaction in a high percentage of cases.

Author, year:

Sgorbiniet al., 2004

Type of Journal publication

publication:

Study Design: Case series

Aim/Obijective of To describe clinical presentation and outcome following treatment

the Study: in 2 PPID cases

Setting: University hospital (assumed not stated)

Study Population: n=2 PPID cases; diaghosed based on elevated basal ACTH plus
ACTH stimulation test measuring cortisol in case 1; follow-up over
14 months

Intervention Control Group: Not applicable

Investigated: Treatment Group. n=2

Oral pergolide mesylate (Nopar® tablets), initial dose of 0.5 mg
total dose every twenty -four hours, gradually increased by 0.5 mg
every three days to a final total dosage of 3 mg once daily. Dose
increased to 4 mg/day after 1 monthin case 2 due to lack of
response to treatment.
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Outcome Clinical signs and ACTH
Measures:
Main Findings: A Case 1: 18 year old Italian

recurrent laminitis, infertility, progressive hypertrichosis,
hyperhidrosis, pendulous abdomen, lethargy, polyuria, polydipsia,
and anorexia. Presented with a fever and increased respiratory
rate. Blood work showed hyperglycemia, hyposthenuria,
hyperinsulinemia, and elevated plasma ACTH. Clinical signs
resolved and ovarian activity resumed with 6 to 7 weeks of
pergolide treatment. ACTH dropped from 155pg/mLto 26.8 pg/mL
after 45 days and 27.7 pg/mL after 14 months of treatment.

A Case 2: Rehchgaddéiehorse inate with recurrent
laminitis, hypertrichosis, pendulous abdomen, bulging supraorbital
fat pads, severe polyuria and polydipsia, and a plasma ACTH of 370
pg/mL. There was no response to 3 mg of pergolide daily for one
month. The dose was increased to 4 mg total dose per day and
clinical signs were resolved with 6 weeks. ACTH droppedto 91.9
pg/mL at 2 monthsandto 59.1 pg/mL after 4 months of treatment.
Polyuria and polydipsia significantly improved but did not
completely resolve.

In terpretation of
Results:

No information on case selection reported therefore unable to
assess selection bias. Small sample size from unknown population,
with both showing advanced clinical signs of PPID. Pergolide doses
were 3 and 4 mg for each case respectively. Improvementin
clinical signs, including a return of cyclic activity in one mare where
this had been a problem, and ACTH (nhormalisation for one case
and improvement by >50% in the other) within 6 -8 weeks of
pergolide treatment. No adverse events observed after 14 months
of treatment.

Author, year:

Spelta and Axon 2012

Type of Journal publication

publ ication:

Study Design: Case series

Aim/Obijective of To describe clinical signs exhibited by PPID cases in the hot, humid

the Study: conditions of a tropical climate and their response to treatment.

Setting: First opinion practice

Study Population: n=11 PPID cases (23 diagnosed with PPID from 2002-2010;
however 12 cases were not available for follow-up). Cases
comprised 4 light horse breeds and 7 ponies, age range 97 30
years; 5 mares and 6 geldings.
PPID diagnosed based on ODST and clinical signs in 8 cases;
remaining 3 cases diagnosed on presence of overt hypertrichosis
only.

Intervention Control Group: No treatment (n=4)

Investigated: Treatment Group.: n=7 PPID cases treated with oral pergolide

mesylate (Permax®) at an initial dosage of 0.001 mg/kg/day with
incremental increases of 0.001 mg/kg/day every 3 -8 weeks until
clinical resolution was achieved.
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Outcome
Measures:

Improvement of clinical signs and ODST (if treated). Clinical
stabilisation defined as resolution of all clinical signs and included
an improvement of lameness to an Obel laminitis grade 07 1, with
no requirement for non -steroidal anti-inflammatory drugs; and
active hair coat shedding in spring or appropriate hair coat growth
in the winter w hile on treatment.

Main Findings:

Improvement of clinical signs in all pergolide -treated horses within
8 1 43 weeks (however results table indicates clinical resolution in
21 27 weeks, excluding therelapsing case). Resolution of clinical
signs, including hair coat shedding, was longer (2 0-30 weeks)
when treatment was started in autumn and winter (4 cases) than
when treatment started in spring or summer (2 -8 weeks; 3 cases).
All 5 cases presenting with anhidrosis, heat stress and/or secondary
exercise intolerance that were treated with pe rgolide had resolution
of these clinical signs. One PPID case maintained on 0.014
mg/kg/day of pergolide failed to shed winter coat and had a
recurrence of sinusitis after 14 months; therefore dose of pergolide
was increased to 0.0023 mg/kg/day, which res ulted in clinical
resolution. One pony had a normal ODST result when treated with
pergolide at 0.0015 mg/kg/day, but did not shed its coat, although
hair coat shedding was achieved when the dose was increased to
0.0022 mg/kg/day. Unable to determine improv ementin ODST
results following pergolide treatment as text description of case
numbers that had repeat ODSTs does not reconcile with data
presented in results table.

Four cases were managed with improved husbandry alone
(untreated control group), which o nly resulted in weight
stabilisation. There was no improvement in dorsum muscle atrophy,
fat pad deposition, anhidrosis or heat stress with secondary
exercise intolerance. Two untreated horses were euthanased
because of severe heat stress and associated se&ondary exercise
intolerance during the summer following diagnosis.

Interpretation of
Results:

No information on case selection reported therefore unable to
assess selection bias. Small sample size. No information prowied
regarding nature and duration offollow -up period (presumed to be
based on clinical records). 3 of 11 cases lost to follow-up after 2 -5
years, and outcome for other cases reported from 1 -7 years after
diagnosis. Systematic bias in that 3 of the 4 untre ated horses did
not have a diagnostictest and had presumptive diagnosis based on
overt hypertrichosis. No adverse events observed with pergolide
treatment. Provides low quality supportive evidence for the efficacy
of pergolide.

Author, year:

Walsh et al., 2009

Type of Journal publication

pub lication:

Study Design: Case series

Aim/Obijective of To determine whether insulin concentration is correlated with
the Study: severity of clinical laminitis in horses with EMS or PPID and to
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determine how rapidly p ergolide treatment reduces circulating
ACTH in horses with PPID.

Setting:

First opinion practice

Study Population:

25 horses were included from December 2004 to May 2007 and
assigned to one of three groups:

n=6 PPID; diagnosed based on basal plasma ACH >70 pg/mL
(laboratory reference interval 9 -35 pg/mL); mean age 28.5+ 8.14
years

n=10 EMS; diagnosed based on normal ACTH and plasma insulin
>70 mIU/mL (laboratory reference interval 10 -30 mlU/mL); mean
age 15.5+ 5.11 years

n=9 controls; with no history of laminitis and plasma ACTH and
insulin within normal reference intervals; meanage 12 + 7.6 years
Blood samples were collected at an initial visit, and then at regular
intervals for the next 12 months. Plasma values for ACTH, cortisol
and insulin and serum values for glucose and total thyroxine (T4)
were obtained.

Follow-up 2.5 years

Intervention
Investigated:

Control Group. Not applicable

Treatment Group. n=6 PPID cases (4 horses; 2 ponies); oral
pergolide, 1 mg orally daily

The 2 ponies in the PPID group died after 2 months, and a
complete dataset was available for only 3 pergolide-treated horses.

Outcome
Measures:

Clinical signs and ACTH concentration

Main Findings:

After treatment with pergolide, mean ACTH concentration of the
PPID group decreased within one week from >120 pg/mLto ~ 70
pg/mL where it remained for the rest of the study, except the
autumn where a seasonal peak was observed. Mean baseline
plasma insulin concentration was not different between EMS (53.0
+16.3 mlU/mL) and PPID cases (52.0 = 21.6 mlU/mL). Including
both EMS and PPID cases, there was a significant correlation
between laminitis Obel grade and baseline plasma insulin
concentration.

Interpre tation of
Results:

Small sample size. Data regarding number of cases meeting
inclusion criteria but not enrolled in study are not reported,
therefore unable to assess selection bias. Results of this field-based
study showed improvement in PPID cases treated with pergolide (1
mg orally daily), with ACTH decreasing within 1 week of
commencing treatment; however, complete data were available for
only 3 pergolide-treated horses. Limited data available on
improvement of clinical signs other than laminitis. Statistical
significance for decrease in ACTH was unlikely to be achieved due
to th e low power of the study (due to lack of numbers and high
variation of plasma ACTH concentration), but the raw data
represented graphically showed a marked decrease.

Author, year:
Type of
publi cation:

Watsonet al., 1998
Conference abstract
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Study Des ign: Case series

Aim/Obijective of To evaluate the effect of long -term treatment with oral pergolide in

the Study: PPID cases.

Setting: University referral hospital

Study Population: n=6 PPID cases; diagnosed based on ST was used to evaluate
PPID and treatment efficacy.

Intervention Control Group. Not applicable

Investigated: Treatment Group: n=6 PPID cases treated with oral pergolide
mesylate at 1.8 to 2.8 pg/kg/day for 6 to 26 months

Outcome Clinical signs and ODST.

Measures: Pituitary gland mass was evaluated in two horses: one by magnetic
resonance imaging and one at post mortem.

Main Findings: All 6 horses responded to pergolide treatment, as measured by

improvement in clinical signs and ODST, without a need to increase
the dose of pergolide over the follow-up period. Improvementsin
clinical signs were seen before improvementin ODST in 2 of the 6
cases. No side effects of treatment were observed.

Interpretation of
Results:

Very limited information provided in conference abstract. No
information on case selection reported therefore unable to assess
selection bias. Small sample size. Reported that pergolide can be
effective for extended periods (>2 years) at these doses without a
need to increase the dose. No side effects reported. Clinical signs
appeared to improve before normalisation of ODST results.

Author, year:

Williams 1995

Type of Conference abstract

publication:

Study Design: Case control study

Aim/Obijective of To describe clinical presentation and outcome following treatment
the Study: in 14 PPID cases.

Setting: Private practice (first opinion and referral hospital; however not

stated as to whether cases recruited from first opinion, referral or
both)

Study Population:

n=23 PPID cases (24 in title); diagnosis of PPID by TRH stimulation
and clinical signs.
Treated for up to 3.5 years

Intervention
Investigated:

Control Group. n=9 untreated PPID cases

Treatment Group. n=14 treated with one or more of:
Cyproheptadine (Periactin), dose not specified

Low dose oral pergolide (Celance® tablets) maximum of 1 to 2 mg
total dose per day

High dose oral pergolide (Celance® tablets) maximum of 4to 5 mg
total dose per day

Outcome
Measures:

Treatment response was evaluated by resolution of clinical signs
and return to normal serum glucose concentration. In horses
treated for a significant period of time, TRH stimulation tests and
cortisol levels were monitored.
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Main Findings:

Four of the 9 untreated animals were euthanased due to clinical
signs of PPID within 6 months. Cyproheptadine caused little
improvementin clinical signs and the cyproheptadine-treated cases
that survived were changed to pergolide treatment. High -dose
pergolide caused immediate clinical improvement, but the cost of
this regimen was prohibitive. The clinical response to low-dose
pergolide was encouraging and was more economical.

Interpretation of
Results:

Very limited information provided in conference abstract for poster
presentation. No information on case selection reported therefore
unable to assess selection bias. Small sample size. Selection criteria
for the 3 treatment options not reported, and treat ment allocation
was not randomised. Results of this study show a lack of efficacy

of cyproheptadine, with no horses in this group responding, buta |l
animals treated on the high dose pergolide showed an excellent

and repeatable response. The author concludes positively about the
low dose regimen as an alternative.
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Appendix 5 : Summary of studies presenting data regarding the efficacy of pergolide t

PPID and ACTH levelsincludedin

a systematic review of

published literature

o improve clinical signs of

Reference Study Country Sample Age of Selection of study PPID case Method of Main limitations
design size PPID population definition outcome data
cases collection
Aleman et | Case control| USA 15PPID Median Non-random selectioni | Clinical signs and Laboratory Sample selection likely
al., (2006) | study cases, of |age?2l university research ODST and/or endocrine to introduce bias
which 3 years herd and university serum ACTH assays and Laboratory tests poorly
treated (range hospital cases; details concentration muscle biopsy described
with 157 28 | onrecruitment of horse | (diagnostic cut-off Small sample treated
pergolide | years) owners/selection of for ACTH for with pergolide
(plus 16 horses not reported inclusion as PPID Selection criteria and
normal case notreported baseline details for
age although reference treatment unknown (12
matched interval of 27 10 of 15 PPID cases not
controls) pmol/L (4.5-45.5 treated due to financial
pg/ml) reported constraints)
with respect to Unable to determine if
assessing response seasonality accounted
to treatment). for during recruitment
Anon Uncontrolled | USA 122 PPID | Age Non-random selection | A hypertrichosis Obijectively Unable to determine if
(20114a) , hon- cases range 10 | of hospital or client score >1/3 and scored clinical sample selection could
randomised i 35 owned horses details | either a plasma examination introduce bias
field trial years onrecruitment of horse | ACTH and laboratory
owners not reported. concentration >50 | endocrine
PPID cases enrolled pg/mL or a positive | assays

Novemberi January to
avoid baseline

ODST test
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endocrine tests during
autumn months

Beech et Uncontrolled | USA 14 PPID 020 Non-random selectioni | Clinical signs and Clinical 1 Unable to determine if
al., (2002) |, non- cases, of | years details on recruitment plasma ACTH examination sample selection could
randomised which 9 (n=11) of horse owners not (n=12) (diagnostic | and laboratory introduce bias
field trial treated 019 reported cut-off for ACTH endocrine 1 Small sample treated
with years for inclusion as assays with pergolide
pergolide | (n=3) PPID casenot 1 Studydesign
reported) and/or complicated by prior
ODST (n=4) treatment with Vitex
agnus castus
1 Unable to determine if
seasonality accounted
for durin g recruitment
Beech et Non- USA 15PPID Mean No information At | e as tcal | Laboratory 1 Unable to determineif
al., (2009) | randomised cases, of |age21.3 | provided regarding clinical endocrine sample selection could
controlled which 8 +4.3 study population PPID assays introduce bias
trial treated years selection 1 Small sample size
with 9 Diagnostic criteria main
pergolide outcome versus
(plus response to treatment
n=27
healthy
controls)
Christen et | Randomised | Switzerlan | 24 pre- Mean Non-random selectioni | ACTH >35pg/mLin | Laboratory 1 Sample selection likely
al., (2018) | placebo- d clinical age 24.8 | cases dentified by July. No obvious endocrine to introduce bias
controlled PPID +3.6 screening of horses at a | clinical signsi assays T Small number of treated
trial cases, of | years foundation for retired defined as pre- cases and hgh loss to
which 10 | (range equids. clinical PPID follow-up for a short
randomly | 147 32 study
allocated | years)
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to 1 Doesnot state whether
pergolide study was blinded
treatment
group
(however
5 lostto
follow-up)
(plus 24
healthy
controls
with
normal
ACTH)
Donaldson | Case series | USA 27 PPID Median Records of Plasma ACTH >50 | Clinical 1 Single practice
etal, cases, of |age19 horses/ponies treated pg/mL, at least 1 examination population
(2002) which 20 | years atoneuni v er si { clinical sign of and laboratory | 1 Inherent biases due to
treated (range 4 | ambulatory service PPID, and endocrine retrospective study
with 729 between June 1996 and | evaluation before assays design - potential for
pergolide | years) November 2001. and after treatment introduced biases/errors
through data collection
via clinical records
1 Selection criteria for
treatment unknown
1 Seasonality not
accounted for during
recruitment
Dunkelet | Case series | UK and 6 PPID Age Non-random selectioni | Clinical signs, and | Clinical 1 Sample selection likely
al., (2014) USA cases range 17 | cases identified via plasma ACTH examination to introduce bias due to
T 28 hospital records (using varied and laboratory retrospective study
years reference intervals, | endocrine design, hospital
seasonally adjusted | assays population and
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in 3 cases) (n=4)
or ODST (n=2)

concurrent disease -
potential biases/errors
through data collection
via clinical records
Descriptive observational
reports

Seasorality not always
accounted for during
recruitment

Froin et Case series | Germany | 5 PPID Not No information Not reported; Clinical 91 Abstract only;
al,, (1998) cases reported | provided regarding presumed to be examination insufficient information
study population based on elevated | and laboratory reported to assess risk
selection ACTH endocrine of bias
assays 1 Small sample size
1 Unable to determineif
seasonality accounted
for during recruitment
Gehlenet | Case control| Germany | 38 PPID Mean No information ACTH O5 0 p| Laboratory 1 Unable to determineif
al., (2014) | study cases, of |age?24 provided regarding January plus endocrine sample selection could
which 13 | years study population advanced clinical assays introduce bias
treated (range selection signs of PPID 1 Small sample treated
with 1671 38 with pergolide
pergolide | years) 1 Single time point

comparison between
treated and untreated
PPID animals therefore
effect of treatment not
directly measured
Selection criteria for
treatment unknown
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Seasonality not
accounted for during
recruitment

Horn et Retrospectiv | Australia 274 PPID | Median Retrospective review of | ACTH (n=263 Clinical 1 Inherent biases due to
al., (2019) | e cohort cases, age at clinical records of 8 cases) cut-off examination retrospective study
study with 197 PPID different veterinary values adjusted by | and laboratory design - potential for
of these diagnosis | institutions (57% of season and endocrine introduced biases/errors
cases 21 years | cases were first opinion | location: autumn assays through data collection
having (range 8 | and the remaining 43% | cut-off range 77.4 via clinical records
follow-up |7 42 were referral cases) i 101 pg/mL and 1 Loss to follow-up and
data. 218 | years) non-autumn cut -off missing data
of PPID range 29.71 67 1 The cited seasonally
cases pg/mL adjusted ACTH cutoff
treated And/or positive values utilised for PPID
with ODST (n=9) or case definition were not
pergolide; TRH stimulation available for the first 10
number of test (measuring years of the study
pergolide- ACTH; n=12) plus period, and may
treated 2 cases diagnhosed therefore differ from
cases with at post mortem diagnostic cut-off values
complete examination utilised by treating
follow-up veterinary surgeons at
data not the time of case
reported presentation
Innerd et | Uncontrolled | USA 8 PPID Mean Non-random selectioni | Characteristic Clinical 1 Sample selection likely
al., (2013) | , non- cases age 24 recruitment of horses excessively long examination to introduce bias
randomised (plus 4 years and owners via hair coats and including 1 Small sample size
field trial aged (range university hospital ODST results scoring of 1 Referral hospital
matched 2071 29 (controls had hypertrichosis, population
controls) | years) normal coat skin punch
shedding and biopsy
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normal ODST samples and
results) laboratory
endocrine
assays

Love Case series | UK 5 PPID Age Non-random selectioni | TRH stimulation Clinical 9 Descriptive observational
(1993) cases, of |range 13 | cases referred to a test (measuring examination reports

which 1 i 34 university hospital cortisol) and laboratory | § Referral hospital

treated years endocrine population

with assays

pergolide
McFarlane | Uncontrolled | USA 6 PPID Mean Non-random selectioni | Clinical signs ard Laboratory 1 Sample selection likely
etal., , hon- cases age University research TRH stimulation endocrine to introduce bias
(2017) randomised 24.3yrs | herd test measuring assays 1 Small sample size

clinical trial (range ACTH 1 Research herd
187 28 population
years) 9 No control/comparison

Orth et al., | Case series | USA 2 PPID 7 and 12 | Non-random selection Clinical signs Laboratory T Multiple experimental
(1982) cases, one | years endocrine interventions on single

treated assays horse

with 1 Shortterm effect of

dopamine dopamine agonists (up

agonists to 48 hours)

(10

normal

controls)
Peaseet Case control| USA 8 PPID Mean Non-random selectioni | Hypertrichosis and | Clinical 1 Sample selection likely
al., (2011) | study cases, of |age?24 animals donated to abnormal ODST examination, to introduce bias

which 6 years university hospital results laboratory 1 Small sample size

treated (range (controlshad no endocrine 9 Selection criteria for

with 1817128 hypertrichosisand | assays and CT treatment unknown

pergolide | years) measurement
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(3 aged normal ODST of pituitary 1 Relevance to clinical
controls) results) size practice limited
Perkinset | Retrospectiv| USA 39 PPID Not Non-random selectioni | Samples submitted | Vet-reported i Based onlaboratory
al., (2002) | e cohort cases, of | reported | referring veterinary to a diagnostic survey data sample
study which 10 surgeons recruited via laboratory with and laboratory | § Reliant on vet surveys
treated diagnostic laboratory elevated ACTH endocrine 1 Responserate ordrop
with result above upper | assays out not reported
pergolide limit of reference 1 Seasonality nat
interval (>35 accounted for during
pg/mL) recruitment
Peterset Case series | USA 9 PPID Age Non-random selection- | Clinical signs and Laboratory 1 Abstract only;
al., (1995) cases range 16 | horses presented for ODST endocrine information limited
T 32 evaluation in private assays and 1 Potential for introduced
years practice owner- biases/errors from
reported owner-reported data
observations I Small sample size
Pongratz | Retrospectiv| Switzerlan | 38 PPID Mean Non-random selectioni | Clinical Owner 1 Sample selection may
etal., e cohort d cases age 22 owners recruited examination, guestionnaire introduce bias
(2010) study years directly through laboratory analyses 1 Variable follow-up
(range university hospital or including ODST periods
1371 36 | via their practice vet (17/38) and/or 1 Owner-reported data -
years) ACTH (24/38) potential for introduced
(reference intervals biases/errors
<50 pg/mLin 1 Seasonality not

horses and <30
pg/mL in ponies)
and had been
receiving pergolide
for a minimum of
one month

accounted for during
recruitment
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Rendleet | Retrospectiv| UK 2,122 Not Retrospective review of | Laboratory Laboratory Retrospective study
al., (2013) | e cohort PPID reported | submissionsto a diagnosed PPID endocrine design - potential for
study cases hospital laboratory cases in which assay results introduced biases/errors
ACTH obtained from through data collection
concentrationwas | clinical records via laboratory records
measured before Abstract; information
and after pergolide limited
treatment Treatment duration not
reported
Rendleet | Retrospectiv| UK 19 PPID Not Retrospective review of | Clinical signs and Laboratory Retrospective study
al,, (2018) | e cohort cases reported | clinical records ACTH >50 pg/mL endocrine design - potential for
study in July or >100 assay results introduced biases/errors
pg/mLin August i | and clinical through data collection
October signs data via clinical records
obtained from Abstract; information
clinical records limited
Not possible to fully
determine clinical
improvement from data
reported
Rohrbach | Retrospectiv| USA 44 PPID Mean Retrospective clinical Database search Retrospective Sample selection likely
etal., e cohort cases age 21.6 | record search plus using PPID or review of to introduce bias
(2012) study (follow-up | +6.6 horses assessed at a synonym of. clinical records Referral hospital
available | years university hospital 1 Records had to and owner population
for 34/44) convenience sample include clinical guestionnaire Small sample treated

followed up

signs or laboratory
result for inclusion
in follow-up.

with pergolide
Significant loss of follow-
up and potential for
bias/errors from owner -
reported data
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Unable to determine if
seasonality accounted
for during recruitment

Schottet | Uncontrolled | USA 32PPID Median Non-random selectioni | Clinical signs and Clinical Sample selection may
al,, (2001) |, non- cases age 23 horses presented for positive ODST or examination introduce bias
randomised years evaluation at a TRH stimulation and laboratory Treatment groups not
field trial (range university hospital or test (measuring endocrine randomised
127134 with Michigan cortisol) assays High loss to follow-up
years) veterinarians in field which may bias toward
practice positive results
Schott et Retrospectiv | USA 30PPID Not Details of case selection | Clinical signs of Laboratory Abstract only;
al., (2014) | e cohort cases reported | notreported PPID and endocrine insufficient information
study supportive ODST | assays and reported to assess risk
results or elevated | owner of bias
plasma ACTH (>50 | satisfaction Unableto determine if
pg/mL) seasonality accounted
for during recruitment
Sgorbiniet | Case series | Italy 2 PPID 18 and Details of case selection | Clinical signs, Clinical Descriptive observational
al., (2004) cases 25years | notreported elevated basal examination reports
ACTH (>35 pg/ml), | and laboratory Seasonality not
plus ACTH endocrine accounted for during
stimulation test assays recruitment
measuring cortisol
in one case
Speltaand | Case series | Australia 11 PPID Age Non-random selection - | Clinical signs and Clinical Sample selection likely
Axon cases, of |range9 | horsesdiagnosesat a | positive ODST examination to introduce bias
(2012) which 7 T 30 first opinion practice (n=8)or and laboratory Follow-up time frame
treated years and available for follow- | hypertrichosis endocrine unclear
with up (n=3) assays
pergolide (improvement
in ODSTin
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pergolide-
treated cases)

Walsh et Case series | USA 6 PPID Mean Non-random selection - | Clinical findings Clinical signs | § Sample selection likely
al., (2008) cases age 28.5 | horsesdiagnoseswith | and initial and ACTH to introduce bias
+8.14 laminitis/history of diagnostic tests concentration | f Small sample size and
years laminitis and PPIData | (ACTH >70 pg/ml) concurrent disease
first opinion practice 1 Seasonality not
accounted for during
recruitment, ACTH
concentration for
inclusion relatively high
Watsonet | Case series | USA 6 PPID Not Unclear how cases ODST Clinical signs | 1 Abstract only;
al., (1998) cases reported | selected and laboratory insufficient informati on
endocrine reported to assess risk
assays of bias
I Small sample size
Williams Case control | UK 230r24 Not Non-random selection - | Clinical signs and Clinical signs | § Abstract only;
(1995) study PPID reported | horses diagnosedata | TRH stimulation and laboratory insufficient information
cases referral practice test (cortisol endocrine reported to assess risk
measured post- assays of bias

TRH)

ACTH = Adrenocorticotrophic hormone, ODST = Overnight dexamethasone suppression test POMC = Proopiomelanocortin TRH =

Thyrotropin-releasing hormone, CT = Computed tomography.
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Chapter5

A cross-sectional study of horses diagnosed with
pituitary pars intermediadysfunction in the United
Kingdom: Demographics, management practices

and factors associated with quality of life
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A cross-sectional study of horses diagnosed with pituitary pars intermedia
dysfunction inthe United Kingdom: Demographics, management practices

and factors associated with quality of life

Summary

Little information is currently available regarding management of horses with pituitary pars
intermedia dysfunction (PPID) following diagnosis. This study aimed to evaluate the current
management and treatment practices undertaken by owners and how these impact owner -
perceived quality of life ( QoL). Owners of horses diagnosed with PPID were recruited via a
single equine veterinary practice and online to participate in a cross-sectional questionnaire
study. The questionnaire included questions pertaining to management practices, preventive
health care and general health as well as clinical signs of, and treatment for, PPID. Visual
analogue scale questions were used to gather owner -perceived ratings of QoL on a scale of

1 (could not be worst) 7 10 (could not be better) .

A total of 377 useable questionnaires were returned. Horses were most frequently kept at
livery yards (36.4%) ; the majority received pasture turnout (81.6%) , daily forage (95.2%)
and bucket/concentrate feeds (94.6%). Owner decisions regarding diet were predominantly
based on personal experience (67.2%). Most owners reported restricting their horse & access
to grazing for at least some period during the year (75.7%) and those with a history of
laminitis spent fewer hours turned out year -round (p=0.003). Owners reported a median of
2 routine veterinary visits within the previous year and 56.8% of horses were reported to
have O1 concur r e nMedidneuadntQolL was9fld; isignificantly. higher than
QoL at the time of diagnosis (median = 6/10; IQR 4.75 -8) (p<0.001). Most horses were
currently treated with pergolide (86.9%) which had a higher efficacy rating (median = 8/10;
IQR 7-10) compared to complementary or alternative treatments (median = 5/10;IQR 2.5 -
7) (p<0.001). Pergolide treatment was associated with an improvement in QoL rating since
the time of diagnosis (p=0.002) and pergolide treatment alone wa s associated with a higher
QoL rating compared to treatment combinations or no treatment ( p=0.008). Clinical signs
associated with lower QoL ratings were laminitis (p<0.001), a curly/over -grown coat
(p=0.007), lethargy/poor performance and patchy/excessive sweating (both p=0.002).
Owners perceived their horses to have a very good QoL, with significant improvement

reported since PPID diagnosisand pergolide treatment was positively associated with QoL
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rating. Evaluation of QoL may be beneficial as a componert ofroutine monitoring of PPID
cases, and theimpact of PPID on daily management should be considered alongside clinical

factors to maximise QoLin horses diagnosed with PPID.

Introduction

Over a quarter (25%) of the equine population in the United Kingd om now consists of aged
hor ses ( OMdlorgtalg 1999, 2001;Ireland et al., 2011a). Pituitary pars
intermedia dysfunction (PPID) is a progressive neurodegenerative endocrine disorder of
older equids (van der Kolk, 1997; McFarlane and Cribb, 2005; McFarlaneet al., 2005b)
which is prevalent and frequently diagnosed in older horses (McGowanet al., 2013g; Ireland
and McGowan 2018). Clinical signs are varied and include hypertrichosis, muscle wastage
and lethargy, and associated comorbidities such as laminitis (Schott, 2002; McFarlane,
2014). PPID can affect horses for a significant proportion of their life -time, with the median
life expectancy following diagnosis reported to be nearly 10 years (Welsh et al., 2016).
Effective management of the disease is vital to maximise quality of life (QoL) following

diagnosis.

There is currently little information available regarding how horses with PPID are managed
by their owners including the routine health care and treatment they receive. Previous
studies have focused on the management and care of the general equine geriatric
population as a whole with significant changes in diet, exercise and veterinary care reported
as horses age(McGowanet al., 2010a; Ireland et al., 2011a,2011b). Pergolideis the
treatment of choice for PPID and has been shown to be effective at managing clinical signs
(Anon, 20114a; Chapter 4). However, although veterinary surgeons recommend treatment,
owners are responsible for the day to day decisions regarding management and treatment
(Ireland et al., 2011a,b) which are central to controlling PPID. Little is currently known
about owner compliance with veterinary recommended treatment or owner perception of
response to PPID treatment. In human medicine, interventions such as structured self -
assessments can improve patient management of chronic conditions producing positive
outcomes including better monitoring, increased uptake of treatment and fewer clinical signs
allowing patients to enjoy a good QoL (Skevington etal., 2001; Lorig etal., 2013; Reynolds
etal., 2018).
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The term QoL is defined by the World Health Org
physical, mentaland social welkb ei ng, and not merely the absence
(WHO, 1997). In veterinary medicine, definitions of QoL vary. QOL is generally considered to

be closely linked to welfare but encompasses the broader concepts of physical and mental

health, positive and negative feelings and the ability to exhibit natu ral behaviours (Clark,

1997; McMillan, 2003; Wojciechowska and Hewson, 2005; Broom, 2007). Owners of aged

horses perceive QoL to be an important health issue (McGowan et al., 2010b) and are likely

to be the ones best placed to determine the QoL of their animal (McMillan, 2000;

Wojciechowska and Hewson, 2005; Ireland et al., 2011c). In small animal medicine, tools

have been developed to evaluate QoL generally (Yeates and Main, 2009; Lavan, 2013;

Mullan, 2015) and in animals with chronic conditions (Wiseman-Orr et al., 2004 ; Freemanet

al., 2012). In equine medicine, owner -perceived QoL in geriatric horses has previously been

investigated, with owners reporting that horses enjoyed a good QoL (McGowanet al.,

2010b; Ireland et al., 2011c) however, there is currently no information specifically

regarding QoL in horses with a chronic condition such as PPID. As the most common

endocrine disorder of older equids (McGowanet al., 2013a), PPID is becoming increasingly

important in equine practice. An understanding of QoL in horses with PPID and factors that

influence it could be used to facilitate a more individual animal approach to care, improve

disease monitoring and aid clinical decision making (Bradley, 2001; Yeates and Main, 2009,

Mullan, 2015).

This study aimed to evaluate the current management practices owners undertake when
caring for horses with PPID, including health care and treatment, and how these impact

owner-perceived QoL.

Materials and methods

Selection of study sample

A cross-sectional questionnaire was distributed to owners of horses and ponies diagnosed
with PPID. Two routes were used to recruit eligible owners;; firstly, a review of the University
of Liverpool Equine Practice (UoLEP) database was undertaken to ientify PPID cases and
secondly appropriate social media platforms were also used to recruit eligible owners. For
PPID cases recruited through the UoLEP, diagrosis was confirmed by clinical record of a

basal plasma ACTH concentration above the upper limit of seasonally adjusted reference
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intervals (>29.7 pg/ml November -July or >47 pg/ml August -October). For those recruited
online, PPID diagnosis was determined by owner confirmation of a positive diagnostic test
result along with the reported reason for carry ing out diagnostic testing, which included one
or more of the following: age, veterinary surgeon suspected PPID, active laminitis, previous
history of laminit is, abnormal fat distribution, pot -bellied appearance, muscle wastage, fat
pads around the eyes, excessive/patchy sweating, increased drinking and urination,
lethargy, recurrent infections, abnormal coat shedding, curly coat/overgrown coat and
changes to coat colour/texture. Horses diagnosed priorto 1%t January 2014 were excluded to
reduce the risk of owner recall bias. All owners recruited via the UoLEP received a letter and
information sheet (Appendices 1 and 2) informing them about the study, and to optimise
recruitment they were contacted by the author via telephone to complete the questionnaire.
For participants recruited online, the study information and a link to the questionnaire were
made available through the UoLEP and Talk About Laminiti$ Facebook pages @ppendix 3).
The questionnaire link remained open for four weeks. This study was awarded institutional

ethical approval onthe 18" May 2018, reference number VREC667

Questionnaire design

Effective management and treatment strategies have been identified as important areas for
further investigation (Chapter 2). The questionnaire was therefo re designed to gather data
on current management factors such as feed, exercise, hoof care, general health, medical
treatment, alternative treatments and owner -perceived QoL (Appendix 4). Additionally,
information regarding management practices, such as stabling/turnout routine , throughout
the year and any changessince PPIDdiagnosisin clinical signs, medical
treatment/alternative treatments and QoL The questionnaire was designed to facilitate
completion over the phone or online using data capture softwa re (KwikSurveys). The
majority of the questions were closed -ended with predefined options provided for
participants to indicate their response. Wh er e A Ot her 6 was provided as
space was provided for respondents to provide further inform ation or criteria. A number of

open-ended questions were also used with boxes provided for free written text.

! Talk about laminitis (TAL) is an online forum and educational service established by Boehringer
Ingelheim for owners of horses diagnosed with PPID. It aims to rais e awareness of the link between
laminitis and endocrine disease.
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Questions around QoL were developed from visual analogue scales (VAS) utilised in human
medicine (Katsura et al., 2003) and small animal practice (Belshaw et al., 2015). For these
VASquestions, a number of statements and factors/measures were provided with Likert -
style descriptors at the two extremes of the scale. The factors/measures were chosen to
encompassactivities of daily living (Ireland et al., 2011c) and the five freedoms (Mellor,
2016).Ownerswere asked to rate their horseds appetite,
at time of PPID diagnosis on a scale of 1 (could not be worse) to 10 (could not better).
Additionally, they were also asked to rate the level of discomfort they perceived they horse
to be in from 1 (no discomfort) to 10 (severe discomfort). Owner-perceived efficacy of
pergolide and alternative treatments, where applicable, were also assessed using a rating
scale of 1 (not at all effective) to 10 (extremely effective). Owner -reported body condition
score (BCS) was adapted fromCarrol and Huntington (1988) , with descriptions provided for
each score (Appendix 4). Owners were requested to provide separate BCS ratings for their
h or s e 6(%-5 scae), kbs and pelvis (0-5 scale). Owners of more than one horse with

PPID were asked to complete individual questionnaires for each horse.

Data Analysis

All data were exported into a Microsoft Excel spreadsheet, using the KwikSurveys software,

and each horsewas allocated a unique identification number. Statistical analyses were

performed using commercial statistical software (IBM SPSS Statistics Version 25). For BCS,

the mean of the three owner -reported scores (neck, ribs, and pelvis) was calculated to

provide an overall BCS.Continuous data from the questionnaire responses were not

normally distributed and are therefore described as medians with interquartile ranges (IQR)

and categorical data are described as proportions. KruskalWallis, Mann-Whitney U and

Wilcoxon signed-rank tests were used to test differences in median values of continuous

variables between categories of categorical variables. Where appropriate, Pearson Chi

sqguared or Fisherods exact atioesbhetveeenwategaicalu sed t o as:
variables. Current overall QoL was assessedusing raw interval datafrom the responses to
thequestion 6how would you rat ewhemtespondents ses cur r e
provided a rating on a scale of 1-10, as well as using these data to derive a categorical

outcome, where a rating of 04/10 was defined as a poor QoL, 5-7/10 as average and 0O8/10

as a good QolL. Statistical significance was set atp<0.05. Fora number of questions there

was a low level of item omission and some questions were only answerable conditionally on
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other responses, therefore the denominators for the results vary, and are reported

throughout.

Results

Case demographics

In total, 377 questionnaires metinclusion criteria with a median of one horse per ow ner
(IQR 1-2). Questionnaires were completed between July 2018and February 2019 with the
majority being completed online in March and April 2019 (80.6%; n=304/377). The
response rate of owners registered with the UoLEP was 70.2% (n=73/104). Horses had
been diagnosed with PPID between 1t January 2014 and 315 March 2019. The median age
of the study population was 23 years (IQR 19 -26 years; range 7-40 years) and the median
duration of ownership was 12 years (IQR 7-18 years, range 0.3-35 years). The population
comprised 54.5% (n=205/376) geldings, 44.9% (n=169/376) mare sand 0.5% (n=2/376)
stallions. Ponies (0147.3 cm in height) made wup
population, and the most numerous breeds were UK and Irish Native/native -cross breeds
(46.9%; n=176/375),fo llowed by Thoroughbred/Thoroughbred -cross (11.7%; n=44/375)
and Irish Draught/Irish Draught -cross (10.4%; n=39/375).

Management

Hor ses were mainly kept at I|ivery yards (36. 4 %;
premises (30.3%; n=114/376). Most owners reported that their horse spent at least some
time in an outside turnout area: median turnout time throughout the year is shown in Figure
1. Turnout was generally at pasture (81.6%; n=271/332) and most commonly in a paddock
<1 acre in size (43.4%; n=145/33 4)with at least one equine companion (75.0%;
n=252/336). Horses spent a median of 20 hours (IQR 12-24)turned out on pasture in the
summer and 8 hours (IQR 6-8) in the winter. Compared to horses without a history of
laminitis, horses with a history of lam initis spent fewer hoursturned outthroughoutt heyear
overall (p=0.003) (median hoursturned out 15 and 9.5, respectively). Furthermore, the
duration of daily turnout for animals with a history of laminitis was significantly shorter
throughout each season compared to horses without a history of lamini tis; during the spring
(p=0.009), summer ( p=0.004), autumn ( p=0.005) and winter months ( p=0.02) (Figure 1).

The majority of owners restricted their horseods
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throughout th e year (75.7%; n=253/334), and the most frequent ly used methods were strip
grazing (25.4%; n=85/334), time restricted grazing (17.1%; n=57/334) and use of a

bare/dirt paddock 13.5%; n=45/334). Only 24.0% (n=79/328) of horses were turned out at
pasture for 24 hours per day all year round. Most of the study population received daily
supplementary forage (95.2%; n=318/334), which was most frequently fed on an ad -lib
basis (34.3%; n=109/318). The majority also received some form of bucket/concentrate

feed (94.6%; n=306/325). Owner feeding practices are shown in Table 1.
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Figure 1: Boxand whisker plot of owner-reported hours spent turned out during different
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seasons and throughout the year overall (median represented by horizontal lines within each
box, which represents IQR) in a cross-section of horses diagnosed with PPID in the UK,
including differences between horses reported to have a history of laminitis, horses with no

reported history of laminitis and all included horses.
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Table 1: Current owner-reported feeding practices for a cross-section of horses diagnosed
with PPID in the UK

Feed type N %
Forage (n=318)

Dry hay 158 49.7
Soaked hay 101 31.8
Haylage 81 255
Steamed hay 15 4.7
Hay replacer 11 3.5
Straw 8 25

Bucket/c oncentrate feed (h=306)

Chaff/chop 197 64.4
Sugar/fibre beet 103 33.6
Balancer 103 33.6
Fibre/grass cubes 85 27.8
Mash feeds 44 14.4
Veteran mix/cubes 41 13.4
PPID/laminitis specific feeds 40 131
Coarse mix 17 5.6
Conditioning mix/cubes 14 4.6
Bran 8 2.6
Cereals 5 1.6
Owners generally desi gowedai heiai nhoheedshdoreeds

(70.6%; n=233/330). Decisions regarding diet were predominantly based on their own
personal experience (67.2%; n=227/338) with only 25.7% of owners reporting that
veterinary advice influenced their feeding practices (n=87/338). Horses were most
frequently reported to be in average body condition, with an overall owner -reported BCS
calculated as 2/5 (60.0%; n=201/335). The most frequently reported individual scores
were; neck 1/5 (56.1%; n=188/ 335), ribs 3/5 (34.9%; n=117/335)and hind quarters 3/5
(58.8%; n=197/ 335). Basing decisiors regarding diet on personal experience was
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associated with overall BCS ©=0.02), however making decisions based on veterinary advice

was not significantly associated with overall BCS (p=0.27). Most owners reported monitoring

their horseb6s weight on a regular basis (74. 3%,;
without any formal measure (43.7%; n=145/332) or by using a weigh tape (38.9%;

n=129/332) .

Half of respondents reported that their horse received some form of regular exercise
(50.8%; n=169/333), which was mainly low intensity hacking/pleasure riding (91.7%;
n=155/169). The age of horses reported to be currently in work (median 21 years) was

significantly lower compared to horses not currently in work (median 25 years) ( p<0.001).

Preventive health care and concurrent health problems

Over half of the study population were unshod (53.5%; n=175/327). Ofthe horses reported
to be shod (46.5%; n=1 52/327),24.3% (n=37/152) received some for m of remedial
shoeing. There was a significant association between laminitis and remedial shoeing: 35.3%
of horses with current active laminitis had remedial shoes (n=6/17) compared to 10.0% of

horses without laminitis at the time of questionnaire completi on (n=31/310) ( p=0.001).

Within the preceding 12 months, horses were reported to have received a median of 2 (IQR
1-3) routine veterinary visits and a median of 1 (IQR 0 -2) non-routine veterinary visits. For
those that received non-routine veterinary visits (48.5%; n=183/377), the most frequently
reported reasons were non-specific disorders (such as virusesor weight loss) (31.1%;

n=57/183), lameness (excluding laminitis) and laminitis (both 26.8%; n=49/183).

The majority of horses were currently vaccinate d against tetanus (75.9%; n=286/377) and
equine influenza (67.1%; n=253/377). Most owners also reported their horse had regular
dental examinations with around half receiving yearly checks (54.8%; n=182/332) and
36.1% receiving six monthly checks (n=120/33 2). Dental care was provided by equine
dental technicians (59.2%; n=199/336) or veterinary surgeons (40.8%; n=137/336). The
vast majority of owners (96.2%; n=326/339) described following an anthelmintic
administration regimen, which was most frequently based on the results of faecal worm egg
counts (FWEC;50.1%; n=170/339) and worming at the same time each year (26.3%;
n=89/339).
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Over half of horses were reported to currently have at least one concurrent health co ndition
(56.8%; n=214/377), of which themo st frequently reported were osteoarthritis (38.3%;
n=82/214), equine metabolic syndrome (EMS) (24.8%; n=53/214) and respiratory disorders

such as severe equine asthma (7.0%; n=15/214).

Diagnosis of PPID and clinial signs

The median time between diagnosis of PPID and completion of the questionnaire was 2

years (IQR 1-3.5 years; range 0.1-5 years). Median horse age at time of diagnosis was 20

years (IQR 17-24 years). The majority of horses were reportedly diagnosed using basal

ACTH concentration (98.9%; n=3 70/374). Where owners reported ACTH test results at time

of diagnosis, 44.2% (n=91/206) were 0100 pg/ ml,
500 pg/mland 15% (n=31/206) were >500 pg/ml. As only 32.4% (n=122/377)of  owners

provided an exact date of PPID diagnosis, analysis of owner-reported ACTH concentrations

for different seasons was not undertaken.

Owners reported a variety of reasons for suspecting their horse had PPID, prior to diagnostic
testing, and several of these reasons were significantly associated with age at the time of
diagnosis (Table 2). Prior to diagnosis, 62.3% n=235/377 of horses were reported to have

no previous history of laminitis. A small proportion of horses (9.0%; n=34/377) were not
reported by their owners to be showing any specific clinical signs prior to diagnosis, with age
being the sole reason for suspecting PPID. At the time of questionnaire completion, owners
reported currently observing at least one clinical sign of PPID in 73.9% (n=2 52/341) of
horses, of which the most freque ntly reported were muscle wastage (26.7%; n=91/341),
overgrown coat (23.2%; n=79/341) and abnormal coat shedding (18.2%; n=62/341).
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Table 2: Owner-reported reasons for suspecting PPID and associations with age at the time

of diagnosis in a cross-section of horses subsequently diagnosed with PPID in the UK

(n=377; with age at diagnosis reported for n=376)

Reported reason for N % Median age Median age P value !
suspecting PPID (years) with (years) with
clinical clinical
sign/factor sign/factor not
reported (IQR) reported (IQR)
Active laminitis 108 | 28.6 | 19.0(14.5-21.9) | 21.0(18.0-24.0) | <0.001
Veterinary suggested 97 | 25.7 | 20.5(17.0-24.0) | 20.0(17.0-24.0) 0.58
Overgrown coat 88 | 23.3 | 21.3(18.1-24.4) | 20.0(17.0-23.9) 0.03
Abnormal coat shedding 86 | 22.8 | 20.6(18.0-25.0) | 20.0(17.0-24.0) 0.14
Horse age 85 | 225 | 22.0(22.0-26.0) | 20.0 (16.1-23.0) | <0.001
Lethargy/poor performance 85 | 22,5 | 20.0(15.0-22.0) | 20.5(17.0-24.0) 0.04
Muscle wastage 82 | 21.8 | 21.0(16.8-24.0) | 20.0(17.0-24.0) 0.62
Fat pads around the eyes 67 | 17.8 | 19.0(15.0-21.0) | 20.5(17.0-24.0) 0.005
Increased drinking/urination 67 | 17.8 | 19.0(15.0-22.0) | 20.5(17.0-24.0) 0.01
Abnormalfat distribution 66 | 17.5 | 19.0(15.0-22.0) | 20.5(17.0-24.0) 0.008
Pot-bellied appearance 62 | 16.4 | 20.0(15.0-24.0) | 20.0(17.0-24.0) 0.34
Recurrentinfections 60 | 15.9 | 20.5(16.5-23.5) | 20.0(17.0-24.0) 0.67
History of laminitis 55 | 14.6 | 18.0(13.0-23.0) | 20.5(17.0-24.0) 0.006
Excessive/patchy sweating 49 | 13.0 | 19.5(16.8-21.0) | 20.0(17.0-24.0) 0.04
Abnormal coat texture/colour | 44 | 11.7 | 20.0(17.0-26.0) | 20.0(17.0-24.0) 0.78
Curly coat 38 | 10.1 | 21.5(17.0-26.3) | 20.0(17.0-24.0) 0.04

IMann-Whitney U Test p values for the difference in age at time of diagnosis for each reason

reported.

Treatment

The majority of horses had received pergolide treatment at some point after PPID diagnosis
(94.1%; n=352/374), while 86.9% (h=325/374) were currently receiving pergolide

treatment. Seventeen percent (n=65/374) currently received some form of complementary

or alternative treatment and of these, 70.8% (h=46/65) also received pergolide. The most
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frequently reported complementary or alternative treatments used were magnesium

(43.1%; n=28/65), herbal supplements/feeds marketed for horses with PPID (41.5%;

n=27/65)and Vitex agnus castus (Chaste berry) (26.2%; n=17/65). When asked to report

what influenced their decision regarding treatment for PPID, owners most frequently stated

advice from their usual vet (81.4%; n=307/377),
ACTH test results (52.0%; n=196/377).

The median current dose of pergolide received per horse was 1mg per day (range 0.25 -

6mg) and this was given once a day by the majority of owners (93.0%; n=305/328), where

daily dose alternated the median daily dose was calculated. Unsurprisingly, dose was

associated with height (p<0.001) with 42.3% (n=71/168) of ponies receiving <1mg and

88.1% (n=128/158) of horses receiving Olmg. Own
not changed within the preceding 12 months for 65.8% (n=219/3 33)ofhorses, had

increased for 24.0% (n=80/333) and decreased for 10.2% (n=34/333). Where modifications

to the dose of pergolide administered had been made, the majority of owners reported

consulting their vet before making changes (78.1%; n=89/114).

When owners were asked to rate treatment efficacy, pergolide had a higher efficacy rating
(median = 8/10; IQR 7 -10) compared to complementary or alternative treatments (median
=5/10;1QR 2.5 -7) (p<0.001). Of those who provided a reason for the pergolide eff icacy
rating given, the most frequently reported were; an improvement in demeanour/behaviour
(26.7%; n=94/352), improvement in ACTH levels (17.0%; n=60/352) and laminitis
perceived to be more controllable (12.8%; n=45/352).

Only 8.0% (n=30/374) of horses currently received no PPID treatment of any kind. The
median age of this subset of horses was not significantly different from those receiving any
kind of treatment ( p=0.98). The majority (76.7%; n=23/30) were reported to be currently
showing at least one clinical sign of PPID, the most frequently reported of which were
muscle loss (26.7%; n=8/30), curly/overgrown coat (23.3%; n=7/30) and fat pads around

the eyes (20.0%; n=6/30). This subset had a median current QoL rating of 8 (IQR 7.75 -10),
and this was reported to have remained the same (n=11) orimproved (n=17) since

diagnosisin all but two cases.
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Side effects of pergolide treatment

Of those owners who stopped pergolide treatment, the most frequent reason provided for
not currently treating their hor se with pergolide was observed side effects (95.5%;
n=21/22). Just over half of owners who treated their horse with pergolide reported
observing side effects during the first two weeks of treatment (56.5%; n=199/352). The
most frequently reported side effe cts during this period were loss of appetite (31.5%;
n=111/352), lethargy/poor performance (21.0%; n=74/352) and diarrhoea/loose faeces
(6.0%; n=21/352). These side effects were reported to continue after two weeks in 50.8%
(n=101/199) of cases. Some owners (14.5%; n=51/352) reported observing new side
effects after two weeks of treatment, 76.5% (n=39/5 1) of which were reportedly observed
in horses that had no side effects during the first two weeks of treatment. The most
frequently reported side effects after two w eeks of treatment were loss of appetite (28.1%;
n=99/352), lethargy/poor performance (18.2%; n=64/352) and erratic/unpredictable
behaviour (7.4%; n=26/352). Pergolide dose was not significantly associated with side

effects observed during the first two wee ks of treatment ( p=0.41).

Quality oflife

Overall horses with PPID were perceived to have a very good current QoL (median rating =
9/10; IQR 8-10). This was significantly higher compared to overall QoL rating at time of
diagnosis (median = 6/10; IQR 4.75 -8) (p<0.001). Quality of life was reported to have
improved since diagnosis in the majority of horses (73.7%; n=258/377), no change was
reported in 16.6% (n=58/377) and only 9.0% (n=34/377) were reported to have a worse
QoL. Median ratings for other current QoL measures were; appetite 10/10 (IQR 8-10), level
of discomfort 2/10 (IQR 1 -4) and demeanour 9/10 (IQR 8-10). The factors most frequently
reported by owners to influence overall QoL rating positively were pergolide treatment
(22.3%; n=84/377) and acce ss to grazing (16.2%; n=61/377), while lamin itis was most
frequently reported to have a negative impact on QoL (13.5%; n= 51/377).

Treatment with pergolide was associated with a higher current overall QoL rating compared
other treatment groups (Table 3). Ho rses receiving alternative treatments, whether in
combination with pergolide or not, had a significantly lower QoL rating compared to those
not receiving alternative treatments (Table 3). Pergolide treatment was also associated with

an improvement in QoL rating since the time of diagnosis (p=0.002), with 75.9%
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(n=203/303) of owners reporting an improvement in horses treated with pergolide

compared to 59.6% (n=28/47) of those that did not receive pergolide. Several clinical signs
and concurrent conditions were associated with a lower overall QoL rating, which are
reported in Table 3. Discomfort ratings were significantly higher in horses currently reported
to be suffering from laminitis (median = 4/10; IQR 2 -7) or lethargy/poor performance
(median =5.5/10;1 QR 2-5.25) compared to horses without laminitis (median = 2/10; IQR
1-3) and without lethargy/poor performance (median = 2/10;IQR 1 -4) (p<0.001 and 0.02,
respectively). Management factors associated with owner rating of overall QoL included type
of turnout, the method used to restrict grazing and overall BCS (Table 4). Neither ACTH

concentration nor age were significantly associated with QoL rating.
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Table 3: Owner-reported current treatment and currently observed clinical factors associated with owner -perceived quality of life in a cross-

section of horses diagnosed with PPID in the UK

Factor associated with QoL Category N % Median Interquartile P
QoL range value !
rating 2

Current treatment (n=374) Pergolide only 279 74.6 9 8-10 0.008
Alternatives® 19 5.1 8 7.75-9.25
Pergolide & alternatives 46 12.3 8 7-9
None 30 8 8 7.75-10

Alternative treatment (n=374) Yes 65 17.4 8 7-9 0.003
No 309 82.6 9 8-10

Current active laminitis (n=341) Yes 68 19.9 8 6-9 <0.001
No 273 80.1 9 8-10

A curly/over-grown coat (n=341) Yes 79 23.2 8 7-8 0.007
No 262 76.8 9 8-10

Muscle wastage (n=341) Yes 91 26.7 8 7-9.5 <0.001
No 250 73.3 9 8-10

Lethargy/poor performance (n=341) Yes 21 6.2 7 6-9 0.002
No 320 93.8 9 8-10

Patchy/excessive sweating (n=341) Yes 25 7.3 8 6-9 0.002
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No 316 92.7 9 8-10
Equine metabolic syndrome (n=377) Yes 53 85.9 8 6.25-10 0.002
No 324 14.1 9 8-10
Severeequine asthma (n=377) Yes 15 4 8 6-9 0.006
No 362 96 9 8-10

Kruskal Wallis and MannWhitney U Test p values for the difference in owner-perceived quality of life median ratings.

2Qverall current owner-perceived quality of life rating on a scale of 1 (could not be worse) i 10 (could not be better).

3Alternative treatment included magnesium, herbal supplements/feeds marketed for horses wit h PPID and Vitex agnus castus (Chaste berry).

201



Table 4. Owner-reported management factors associated with owner-perceived quality of life in a cross-section of horses diagnosed with PPID

in the UK
Factor associated with QoL Grouping Variable N % % with % with % with P value *
good QoL rating average QoL poor QoL rating
( 08/ 20)]| rating( 5-7/10 ) (04/10)
Type of turnout (n=332) Non-grass area 15 4.5 53.3 20.0 26.7
Grass paddock 271 | 81.6 84.0 12.3 3.7 0.007
Bare/dirt paddock 46 13.8 75.6 20.0 4.4
Restricting access to grazing No 81 | 245 91.4 8.6 0.0 0.006
(n=330) Yes 249 | 75.5 775 15.7 6.8
Method of restricting grazing None 81 | 245 91.4 8.6 0.0 0.02
(n=330) Strip grazing 84 | 255 76.2 17.9 6.0
Time-restricted 55 | 16.6 81.8 10.9 7.3
Track system 30 9.1 86.7 10.0 3.3
Grazing muzzle 35 10.6 80.0 14.3 5.7
Bare/dirt paddock 45 | 13.6 66.7 22.2 111
Overall body condition score 1 (poor) 27 8.1 57.7 30.8 115 0.02
(scale of 0-5, however no owners | 2 (average) 201 60 83.9 12.6 3.5
reported a BCS of 0 or 5) (n=335) | 3 (good) 93 | 27.8 81.5 10.9 7.6
4 (overweight) 14 4.2 71.4 28.6 0.0

!Chi-squared test p value used to assess associations between categorical variables

*Overall owner-perceived quality of life rating comprisedthe owner responsetot h e
on a scale of 1 (could not be worse) 1 10 (could not be better).
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Discussion

The results of this study provide a detailed description of owner practices regarding
management, healthcare and treatment in horses diagnosed with PPID. The study has also
provided important novel information regarding owner -perceived QoL and factors associated

with that QoL rating in their horses.

The sample used in this study comprised horses diagnosd with PPID over a five-year
period. Owners were recruited via a review the UoLEP database and online through
appropriate social media channels. This was a convenient, efficient and cost-effective way of
reaching a wide range of potential participants. As with all questionnaire-based research
there is the risk of response bias and this method meant it was not possible to calculate an
overall response rate to the questionnaire. However, the response rate from owners
registered with the UoLEP was high. In this study, horse owners may have been more likely
to respond if they had higher standards of care or were veterinary registered and following
veterinary treatment recommendations. Comparison with the general target population is
also not possible because there is currently no way of quantifying non -veterinary registered
PPID cases. However, the fieldbased sample presented here is likely to be more
representative of the veterinary diagnosed PPID population compared to studies including
solely referral hospital or research herd populations. Furthermore, the sample size is
comparatively large compared to previous studies investigating treatment and management
of PPID.

In questionnaire-based research, even a small change in question order can have an impact
on the answers given by respondents (Lasorsa, 2003; Huang and Cornell, 2016; Leeet al.,
2016). This is because each question is not considered in isolaion by the participant butin
context with those around it (Bowman and Schuldt, 2014; Dillman et al., 2014). Questions
measuring subjective concepts such as QoL or weltbeing have been reported to be
particularly affected (Garbarski et al., 2015). This is because participants are unlikely to
have pre-defined answers for these types of questions and therefore consult the previous
information for context (Tourangeau and Rasinski, 1988; Sudmanetal., 1996; Tourangeau
et al., 2000). This was demonstrated in a study by Bowling and Windsor (2008), where
patients rated their QoL status as significantly better if health based questions wer e asked

beforehand. Therefore, to minimise the influence of question order on over -estimation of
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QoL ratings, questions relating to QoL were located close to the beginning of the

questionnaire before sections regarding management, health care and concurrent disease.

The horse-owner relationship is unique, as horses are neither a pet in the conventional
sense or a livestock animal. In recent years the horse has been considered more of a
companion animal, with surveys reporting that some owners value their h orse for their
companionship and consider them to be like a member of the family (Anon, 2007b; Visser et
al., 2012). Furthermore, horses are being cared for into their old age with a significant
proportion reportedly kept as kept as companio ns or retired (McGowanet al., 2010a; Irelan d
et al., 2011a). This increasing duration of ownership means owners are more likely to
develop a strong bond with their aged horse (Ireland et al., 2011a; McGowan and Ireland,
2016). The horse-owner relationship, developed over a prolonged period, is likely to
influence decisions made around both routine management and treatment of diseases
including PPID. It has been reported that owners are interested in mainta ining the health
and QoL of their horses into their old age (McGowanet al., 2010b). The results presented
here may represent the population of owners who are more likely to seek and finance

veterinary treatment for their older animal.

The age and gender demographics described here are comparable with the survey of
geriatric horses conducted by Ireland et al. (2011a), which reported the median age of the
population was 20 years and 55.1% were geldings. However, breed demographics differ
from previous surveys of the general equine population, with UK native/native cross breeds
making up a much larger proportion than previously reported (Mellor et al., 1999; Hotchkiss
et al., 2007a), and ponies comprising a large proportion ofthe population. Ponies are
reportedly more like to show clinical signs such as laminitis and hypertrichosis (McGowan et
al., 2010b) and are over-represented with increasing age (Ireland et al., 2011a), therefore
the high proportion of pony breeds in this study is not unexpected.

The proportion ofthe population kept at livery yards (36.4%) was over double that reported
in a survey of British horse owners which reported only 16.2% of horses were kept at livery
(Hotchkiss et al., 2007 a), but was more comparable to the 27.3% reported by Ireland et al.
(2011a)in a survey of geriatric horses and a recent UK equine health survey which reported
that nearly half of horses (including animals of all ages) were kept in livery (Slater and

Taylor, 2018). This might be due to changes in how people keep horses over the last
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decade, with fewer people having access to their own facilities, or because owners who
keep their horse on a livery yard are more likely to seek veterinary attention dueto the
influence of others around them. In human medicine, social networks have been reported to
influence help-seeking behaviour. When patients consulted their social network, they were
encouraged to seek help and peers pointed out changesthat the patients themselves had
not noticed (Walter et al., 2014). Being housed at a livery yard may also affect
management, as owners might be restricted by yard rules around factors such as turnout
and have less freedomtoma ke t heir own decisions regarding t
This may influence the management practices described here. However, the grazing and
stable management practices for PPID horses were not dissimilar to that of equine
populations described in other studies (Mellor et al., 2001; Hotchkiss et al., 2007 a; Ireland

etal., 2011a).

Overall turnout hours reported here were very similar to the time spent at pasture described
by Hotchkiss et al. (2007 a). The majority of horses had access to grass/grazing (81.6%), a
slightly smaller proportion compared to the 90.4% of geriatric horses reported by Ireland et
al. (2011a). This may be due to the perceived increased risk of endocrinopathic laminitis
associated with PPID(McGowan, 2010) and the proportion of horsesin the current study
population reported to have a history of lam initis. Although horses with a history of laminitis
spent significantly less time at pasture, the majority of horses still spent a large proportion
of time turned out throughout the year. This perhaps demonstrates the effectiveness of the
restricted grazing management practices used by 77% of participants, allowing horsesto be

turned out while also restricting their grass intake (Geor and Harris, 2009).

Diet is considered by owners of older horses to be an important contributorto QoL (Ireland

et al., 2011c) and the feeding practices of owners change as their horse ages (Brosnahan

and Paradis, 2003a; Ireland et al., 2011a). As the majority of questionnaires were

completed during winter and early spring months, and owners were requested to provide

informationr egar ding their horseds current isktudyt , t he
may not reflect dietary management of PPID cases over the whole year. However, feeding

practices reported here were similar to those for the geriatric population reported b y Ireland

et al. (20114a). The vast majority of horses received some form of bucket/concentrate feed

and the most frequently reported feeds were chaff/chop and sugar/fibre beet productsin

both populations. However, only 13.4% horses in this study were fed veteran/senior feeds
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comparedto 27.7% reported by Ireland etal. (2011a)and 51 % of hor ses aged
in an American study (Brosnahan and Paradis, 2003). The types of forage fed also differed,
with geriatric horses being most frequently fed haylage (52.1%) and only 11.5% receiving
soaked hay (Ireland et al., 2011a). In the current study horses were most frequently fed dry
hay (49.7%) or soaked hay (31.8%) with only 25.5% being fed haylage. This difference is
likely to be linked to owner perception of laminitis ris k. Endocrinopathic laminitisis a
reported comorbidity of PPID, where concurrent insulin dysregulation and/or
hyperinsulinaemia are observed in PPID cases(McGowan et al., 2004; Treiber et al., 200643;
Klinkhamer et al., 2011; de Laat et al., 2019a). In the current population, 28.6% of owners
reported laminitis as a reason for suspecting PPID and 16.7% reported their horse had a
history of previous laminitis. Feeding practices aimed at reducing calorie intake have been
shown to improve insulin sensitivity (Morgan et al., 2016) and are recommended to help
prevent endocrinopathic laminitis. The fact owners are choosing to feed less nutritious
forage perhaps demonstrates owner awareness of the importance of restricting calorie

intake to minimise the risk of laminitis. However, veterinary advice seems to have minimal
influence on owner decision making regarding diet, with only a quarter of owners reporting
that feeding practices were based on advice from their veterinary surgeon. The majority of
owners (67.2%) based decisions regarding diet on their own personal experience. This could
be a result of the high amount of valu e owners place on their own experience and
understanding of their individual horse (Scantlebury et al., 2014) meaning owners believe

they are best placed to make day to day management decisions.

In a survey of owner -reported BCS in the general equine population, the majority of horses
were reported to have a BCS of 4/6 ona 1-6 scale (Robinet al., 2013), whereas the
majority of horses in this study had a mean BCS of 2/5 using the same scoring system but a
0-5 scale. This suggests that horses with PPID are likely to have a lower owner-reported
BCS compared to the general equine population. Thisis despite the fad a significant
proportion of the population comprised Welsh and other UK native breeds, which are
reported to have significantly increased odds of obesity (Robin et al., 2013) and contrary to

a previous cross-sectional study which described increasing risk of obesity with increasing

C

horse age (Thatcher et al., 2012). However, the majority of horses

reported by their owners to be in good body condition, although BCS decreased significantly
with increasing horse age (Ireland et al, 2011a). The lower BCS reported here might be due

to several factors. Owners have been reported to underestimate BCS in horses(Wyse et al.,
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2008; Ireland et al., 2012a) and clinical signs such asmuscle wastage and changes in fat
distribution often observed in PPID cases are likely to influence ownersoperception of body
condition. Determining BCS is likely to be more difficult and less accurate when also
accounting for these clinical signs of PPID. To try and combat this, detailed descriptions
were provided for each BCS(Carroll and Huntington, 1988) and owners were asked to
provide three individual scores, one for each region of the body, wh ich were used to
calculate overall mean BCS. Free access to grass has been reported as a risk factor for
obesity (Thatcher et al., 2012) and the majority of animals in this study had their access to
grass restricted for a least some period during the year. Despite the majority of horses

reportedly being in &éaver ag e thosroarters(@0.6%) h an

6good

designed their horsebds diet to maintain their

with their horsebds current weight.

Geriatric horses have been reported to still have a useful working life, with as many as 74%
still in ridden work (Ireland et al., 2011a). Similar to several other studies (Mellor et al.,
2001; Brosnahan and Paradis, 2003; McGowanet al., 20104; Ireland et al., 2011a) the
main use of horses reported here was low intensity pleasure riding/hacking. However, the

proportion of horselkd rwgpo rmweadh tloo wer ,6iwmi twworj ust

regular exercise. In the general equine population, only 18% were desc ribed as being a
companion or retired (Mellor et al., 2001). However, this difference is not unexpected, since
increasing age has been associated with lower intensity exercise and retirement in various
studies (Brosnahan and Paradis, 2003; McGowanet al., 2010a; Ireland et al., 2011a) and
the same association was reported in the current study. This perhaps highlightsthe

continuing shift towards the role of the horse a companion anim al and the willingness of

owners to care for their horses beyond their

Horses had received a median of two routine veterinary visits in the previous 12 months,
considerably more the median of 0.5 per year received by the general popu lation (Mellor et
al., 2001). Ireland et al (2011b) reported that 68.7% of geriatric horses received a routine
veterinary visit within the preceding year and that increasin g age and retirement were
associated with a reduced likelihood of routine veterinary visits. The results presented here
suggest that horses with PPID receive more routine veterinary care than the general
geriatric equine population. Clinical examination is required to renew prescriptions and twice

yearly ACTH monitoring is currently recommended to assess disease progressio and
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response to treatment (Durham et al., 2014). As the majority of horses had received
pergolide treatment, this recommended monitoring is likely to be one of the reasons for the
increased veterinary care reported here. It is likely that veterinary registered horses are
over-represented in the study population, thereforeit is poss ible that the results presented
here over-estimate the level of veterinary attention provided for the entire population of
horses with PPID.

The majority of horses were currently vaccinated against tetanus (75.9%) and equine
influenza (67.1%), which altho ugh reduced compared to the general population (Hotchkiss
et al., 2007Db) is broadly comparable to the geriatric population (Ireland et al., 2011b). The
likelihood of regular vaccination is reported to decrease with age (Mellor et al., 2001; Ireland
et al., 2011b). This could pose a significant health risk as both geriatric horses (Muirhead et
al., 2008) and PPID cases(Adams et al., 2014) have been shown to have a reduced immune
response to vaccination. Immunosuppression has also been documented as a consequence
of PPID (Schott et al., 2001; McFarlane, 2014). This is thought to be a result of high
concent rmdliaonmmosc Yt e st i mu-MBH)andimsulih. She mechardsmé dle
poorly understood, however, neutrophil activity in horses with PPID has been reported to be
reduced compared to healthy adult and aged controls (McFarlaneet al., 2015). In light of
the increased number of UK equine influenza outbreaks reported during 2019 (Animal

Health Trust, 2019) increased emphasis should be put on the importance of vaccinating
horses with PPID.

Preventive health care undertaken was comparable with previous studies (Brosnahan and
Paradis, 2003g; Ireland et al., 2011b): the majority of owners followed a worming regimen
and provided regular dental care. The worming practices described here demonstrate the
increasing utilisation of targeted selective worming programmes, with half of owners
reportedly worming based on the results of FWECSs. This is a marked increase from the
10.9% and 1.8% described in previous studies (Hotchkiss et al., 2007b; Ireland et al.,
2011Db). A relatively high proportion of horses in this study were reported to receive six
monthly dental checks, which is in keeping with studies that have reported an association
between the prevalence of dental disorders and increasing age (Ireland et al., 2011b;
Ireland et al., 2012b). The importance of regular dental care in horses with PPID has been
highlighted (McFarlane, 2011), however any association between dental problems and PPID

is not well documented. The sampling method and questionnaire design employed in this
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study could mean that horses from large est ablishments, such as riding schools, are possibly

under-represented. This may bias the estimates of frequencies of preventive health care.

A recent systematic review collated data on the most prevalent veterinary -diagnosed clinical
signs of PPID, and reported an overall prevalence of hypertrichosis (69.9%; based on data
from 14 studies), laminitis (48.9%; based on data from 13 studies) and mu scle wastage
(48.9%; based on data from four studies) (Ireland and McGowan, 2018). Compared to the
current study, the higher prevalence o f these clinical signs is most likely because many of
the previous studies were case series with study populations often including horses with
advanced disease(Ireland and McGowan, 2018). It is also possible that clinical signs in this
study were under-reported or unrecognised by owners. This has previously been reported
for factors such as coat abnormalities (Ireland et al., 2012a). One Australian survey
described owner-reported clinical signs in 69 PPID cases aged O15 years: hypertrichosis was
reported in 41%, lethargy in 14% and laminitis in 13% of horses (McGowanet al., 2013a).
These also differed from the owner-reported reasons for suspecting PPIDin the current
study, where hypertrichosis was less prevalent and the prevalence of lethargy and laminitis
was higher. This could be due to the younger median age of the study population presented
here. In this study, horses reported to have an overgrown ¢ oat prior to diagnhosis were
significantly older, while horses with laminitis or lethargy/poor performance were

significantly younger than those not displaying these signs. Younger horses are more likely
to be in work, therefore owners may be morelikely to notice signs of lethargy/poor
performance and laminitis is more likely to occur in horses with concurrent EMS (McGowan,
2010c) or hyperinsulinaemia (Karikoski et al., 2016) . Additionally, PPID has been diagnosed
with increasing frequency in recent years (Rohrbach, et al., 2012) due to increased
awareness of the disease. This is likely to lead to a greater proportion of cases being
diagnosed in the earlier stages of disease before overt generalised hypertrichosis develops.
Since owners were asked to report reasons for suspecting PPID at the time of diagno sis,
which was up to five years prior to the questionnaire, some of the differences in clinical
signs reported may also be due to recall bias. Owners are more likely to recall significant
events (Casey et al., 1967; Erk et al., 2003) which have a high impact and a laminitis
episode or lethargy is likely to have a much greater impact on aspects such as daily routine

than hypertrichosis.
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Pergolide is the treatment of choice for PPID and has been shown by various studies to be
effective at improving clinical signsand ACTH concentration in horses with the disease
(Chapter 4). It is therefore unsurprising that the majority of the pop ulation described here
were reported to currently receive pergolide treatment. However, this is in contrast to
treatment compliance for chronic conditionsin humans which has been reported to be as
low as 50% (Miller, 1997). Owners following veterinary advice may have been more likely to
respond to the questionnaire, therefore the frequency of pergolide treatment reported in

this study might be over -estimated. One of the main reasons for non-compliance in human
patients was because medications were considered to be ineffective (Miller, 1997). This is
the first study to assess owner perception of treatment efficacy in a relatively large sample
of PPID cases. Pergolide treatment was perceived by owners to be highly effective, with a
median rating of 8/10. Thisis in keeping with a previous small retrospective cohort study,
which reported that 90% of owners were satisfied with pergolide treatment (Pongratzet al.,
2010). Similarly, ten years after commencing treatment, 96% of owners agreed or strongly
agreed that pergolide i mproved b) thsseemshoor seds Qo
demonstrate that owners are observing the e fficacy described in clinical research and
perhaps contributes to the high compliance reported in this study population. Nearly all
owners who reported stopping pergolide treatment did so because of observed side effects.
Just over half of owners reported observing side effects during the first two weeks of
treatment, which is a higher portion than previously described (Anon, 2011a). This could be
a consequence of owners perceiving unrelated issues or events as side effectsof treatment
or because owners are perhaps more likely to notice side effects such as lethargy or

changes in behaviour, compared to findings from veterinary examination.

Assessing QoL is a useful toolto help veterinary surgeons make treatment recommendations

and monitor longitudinal changes as well as providing an opportunity to assess owner

perceptions of disease (Yeates & Main, 2009). Quality of life is considered one of the most

important factors affecting owner decision making regarding disease treatmentin older

horses (Ireland et al., 2011c). The ability to assess individual QoL and factors affecting it is

important when managing a chronic disease such as PPID. The importance of individualised

QoL assessnent has been recognised in small animal medicine (Budke et al., 2008) with

several owner assessment tools already developed for dogs and cats(Wiseman-Orr et al.,

2004; Tzanneset al., 2008; Freemanet al., 2012; Lavan, 2013; Tatlock et al., 2017). It has

been reported that owner so p duerciagiticduld mesffeateli Qo L and
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by anthropomorphism or anthropocentrism (Bradshaw and Casey, 2007) However,
compared to veterinary surgeons, owners have more experience of the individual animal and
its normal daily activities, making them better positioned to assess QoL (McMillan, 2003;
Wojciechowska and Hewson, 2005) The use of owner ratings in animal welfare research
has been reported to be a legitimate and useful tool for assessing QoL (Meagher, 2009).
Currently there is no validated way of measuring QoL in horses. Most currently available
equine welfare assessment tools (reviewed by Hockenhull and Whay, 2014) focus on
assessment of health indicators and clinical parameters, with none specifically designed for
completion by horse owners. Therefore, no specific welfare assessment toolwas deemed
suitable for integration into an owner-completed questionnaire to gather information on
owner perceived QoL. Instead, currently available assessment tools informed the QoL
domains evaluated in the current study. Questions around QoL were developed from VAS
utilised in human medicine (Katsura et al., 2003) and small animal assessment tools
(Belshaw et al., 2015) to encompass a range of QoL domains (WHO, 2020). These included,
activities of daily living, which have previously been considered to influence QoL in older
horses (Ireland et al., 2011c), and the five freedoms (Mellor, 2016).

Horses in this study were considered by their owners to have a very good overall QoL and to
be experiencing minimal discomfort. This is similar to the good -excellent QoL rating reported
for the general geriatri ¢ population (Ireland et al., 2011c). The high QoL rating given,
despite the presence of a chronic condition, may be because PPID is perceived to be
manageable, similar to diabetes in humans which may have minimal impact QoL if managed
correctly (Hanninen et al., 2001). It has been suggested that owners may not be as adept at
recognising pain in older horses because they misinterpret clinical signs as being signs of
aging (McGowanet al., 2010b) and pain is an important influencer on QoL rating (Ireland et
al., 2011c). Additionally, owners of horses with PPID recognise aspects of QoL that are good
despite the condition. This has been described in human medicine where patients who have
significant health and functional problems do not necessarily have QoL scores that seem to
correspond with their health (Carr and Higginson, 2001) because they are able to adapt to

overcomethe illness (Hyde et al., 2003).

Quality of life rating improved significantly from the time of diagnosis and treatment with
pergolide was associated with a higher QoL rating. Although this mightinfer that pergolide

treatment improved QoL ratings, owners were asked to retrospectively rate their hor ses QoL
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at time of diagnosis, which may have introduced a degree of recall bias. Additionally, owners
may have expected to see a difference after commencing treatment and therefore the
difference in QoL rating may be over-estimated. Several management factors were
associated with QoL rating. An average or good BCS was associated with a higher QoL
rating, compared to animals reported to be underweight. Weight or BCS is considered and
important health issue (Buckley et al., 2004), weight loss is a concern among owners of
geriatric horses (McGowan et al., 2010b) and obesity is associated with metabolic health
issues (Treiber et al., 2006b). Therefore, the association between BCS and QoL reported
here is not surprising. Restricted grazing, particularly non-grass turnout, was negatively
associated with QoL rating. For all methods of restricting grazing evaluated in the current
study, the prop ortion of horses considered to have a good QoL (owner rating of overall QoL
08/ 10) was smaller than that for horses with no
the greatest negative effect on QoL for use of a bare/dirt paddock, whereas use ofat rack
system was not significantly differe nt from no restriction. Further investigation is required to
indicate if this effect on QoL varies dependent on whether restricted grazing practices are
used for all or part of the year. Field turnout and good grazing were reported by owners as
factors which positively influenced QoL of geriatric horses (Ireland et al., 2011c). Horses
with access to grazing may be perceived by owners to have the freedom to express normal
behaviours such as foraging and socialising resulting in a higher QoL rating. Stabling for
extended periods of time has been associated with stereotypical and unwanted behaviours
(McGreeveyet al., 1995a,b). Also, horses with restricted access to grazing are more likely to
have had or currently have laminitis, which was significantly association with a reduce d QoL.
Painful and recurrent conditions, such as laminitis, have previously been reported to
influence owner perception of QoL (Ireland et al., 2011c). Severd other clinical signs were
also associated with a lower QoL rating including a curly/over-grown coat, muscle wastage,
lethargy/poor performance and patchy/excessive sweating. It is doubtful that these clinical
signs cause pain therefore, their association with QoL is likely to be due to their impact on

daily management and owner perception of QoL.

Conclusion

Overall horses with PPID were perceived to have a very good QoL and pergolide treatment
appeared to have a positive influence on QoL rating. The majority of horses received

veterinary recommended treatment as well as a high level of routine and preventive health
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care. Feeding and management practices undertakenwas similar to those previously
reported for geriatric horses, with the exception of carefu lly controlled access to grazing.
Evaluation of QoL may be beneficial as a component of routine prescription checks or when
considering changes in pergolide dose butt here remains the need for a practical tool that
allows both owners and veterinary surgeonsto easily assess QoL in horses.In the
meantime, the impact of PPID on daily routine should be considered alongside clinical

factors to maximise QoLin horses diagnosed with PPID.
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Appendices for Chapter 5

Appendix 1 1 Invitation letter sent to eligi ble owners registered with the

University of Liverpool Equine practice

L4 UNIVERSITY OF

</ LIVERPOOL

Dear [clientds name],

Further to our initial phone conversation we could like to give you details of a research study being
carried out by the University of Liverpool. We are conducting a survey of owners of horses and ponies

diagnosed with pituitary pars intermediadysfunction (PPID;al s 0 known symdrorBe).s hi ngd s

In our previous research, consultation with vets and owners with ex perience of PPID has identified
important re search questions, which you as carers want answered. One of top ten mostimportant
research priorities was to investigate the most effective management and treatment strategies for
horses and ponies with PPID. Weare writing to invite you to participatein a research study we hope

will go some way to addressing this important area of research.

The purpose of this study is to improve our knowledge and understanding of current management
and treatment approaches undertaken and to develop healthcare plans to improve the quality of life
of horses and ponies with PPID. However, this research could not be done without your help. The
answers you provide about your horse or pony can help make a real difference to the h ealth of

horses and ponies with PPID.

Itis important for you to understand why the researchis being done and what it will involve. Please
take time to read the enclosed study information sheet carefully and feel free to ask us if you would
like more information or if there is anything thatyou d o not understand (using the contact details
provided below).
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The initial survey will be conducted by telephone a
routine, feed, general health and, where applicable, treatmentfor PPID. We will also ask you to

complete three short follow -up questionnaires to document any changes over time. Your privacy is, of

course, of the utmostimportance to us and if you decide to take part, all responses are completely

confidential and will only be used for the purposes of this survey.

We hope you will be able to participate, howeveryour in volvementis entirely voluntary. | fyou no

longer wish to take part please email rebecca.tatum@liverpool.ac.uk or telephone Becky on 01638
751000 extension 1241, we will not contact you further and the contact details you provided will be
removed from our dataset. If we do not hear from you the University of Liverpool res earcher, Becky
Tatum, will contact you by telephone atyour specified convenienttime.

Thank you for your support so far.

Yours sincerely,

Becky Tatum, PhD Student, University of Liverpool
Dr Joanne Ireland, PhD Supervisor, University of Liverpool

Professor Catherine McGowan, PhD supervisor, University of Liverpool
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Appendix 2 - Information sheetsent alongside in vitation letter to eligible

owners registered with the University of Liverpool Equine practice

(A4 UNIVERSITY OF

& LIVERPOOL

Information Sheet
Optimising Care for Cushingbdbs (PPI D) Horses

You are being invited to participate in a research study. Before you decide whether to participate, itis
important for you to understand why the research is being done and whatit will involve. Plea setake
time to read the following information carefully and feel free to ask us if you would like more
information or if there is anything thatyou do not understand. Please also feel free to discuss this
with your friends, relatives or veterinary surgeon if you wish. We would like to stress that are free to
opt out of participation and should only agree to take partif you want to.

Whatis the purpose of the study?

The purpose of this study is to investigate which management and treatment factors are most likely
to improve quality of life for horses and ponies with pituitary parsintermedia dysfunction (PPID; also
known as EQqu iSyndrom@)uudiity ofljfedss a way of measuring your h

health, wellbeing and happiness.

Why have | been chosen to take part?

You have been chosen to take partin this study because your horse/pony has been diagnosed with
PPID (basedon a laboratory test result where the hormone ACTH was above the normal reference
range for the time of year the sample was taken). If this information is no longer correct, please

inform us of any change in circumstances using the contact details below. All ownersregisteredwith
the University of Liverpool Leahurst Equine Practice whose horse/pony has been diagnosed with PPID
in the past three years are being invited to participate in this study. All horses/ponies diagnosed with
PPID are eligible to be included in this study, whet her or notthey are currently receiving any medical
treatment for the condition.
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About the study

If you agree to take partin the study, we will ask you to take partin a telephone questionnaire,

which will take around 20 mi nutes to complete. Youwilbe asked questions about vyo
routine, daily care, exercise, health, any medication or other treatments they receive and how you

perceive their quality of life. This will be followed by three shorter follow -up questionnaires at

approximately three month intervals to document any changes overtime. Your responsibility as a

participant of this study will be to answer all questions honestly and with your own opinion. We will

al so use your hor s erbrmtherlgabusst Eruine Practcein order ® betpusd s f

understand the associations between PPID laboratory test results (measuring ACTH) and health and

quality of life of horses/ponieswith PPID.

Participating in this study will not interfere withyourhor s e/ pony 6s manmepgrevemtvet , r out i
healthcare, treatment for PPID or treatment of any other conditions. However, if you chose to make

any changes to your horse/ pony6s management through
regime, field turnout or stabling and any healthcare you provide such as worming or vaccinations, we

would ask you to record these changes and let us know, either directly using the contact details

provided, or during a follow -up telephone questionnaire.

The data we collect will be anonymisedwith no info rmation that could identify you or your horse. It

will be kept confidential and stored securely on University password protected computers, it will be

used for this specific study only and only the study research team at the Univ ersity of Liverpool will
have access to the data. You or your horse/pony will not be identifiable from the results.

Why is this study important?

Pituitary pars intermedia dysfunction is the most common hormonal disorder of older horses/ponies.
Previously we have engaged with vets and owners (with experience of PPID) to prioritise areas of
research they consider to be important. Establishing which management (including aspects such as
dietary and turnout) and treatment strategies are most effective werea reas ranked inthe top 10
research priorities. The information provided in this study will help us to better understand current
management and treatment approaches undertaken for horses/ponies with PPID. Theaim is to have
more information about management and treatment options for veterinary surgeons and ownersin

order to improve the quality of life of horses and ponies with PPID.

Are there any risks to myself or my horse/pony?

As we are only using telephone questionnaires to collect data we do not anti cipate any disadvantages

orri sks associated with your or your horse/ponyds pa
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What happens if | want to stop taking part?

We would like to stress that your participation is voluntary. As a participant if you wish to end your
participation atany point during the phon e call or duration of the study you are free to do so. If you
decide to withdraw your responses during or at the end of the interview, and if you request it, we will

destroy any data regarding yourself or your horse from the stud y.

Contact details

If you have any questions or for further information please contact:
Becky Tatum

Email: rebecca.tatum@liverpool.ac.uk

Telephone: 01638 751000 Ext. 1241

If you are unhappy, or if there is a problem, pleasefeel free toletus kn ow by contacting Becky
Tatum or Jo Ireland and we will try to help. If you remain unhappy or have a complaint which you
feel you cannot come to us with then you should contact the Research Governance Officeron 0151
794 8290 (ethics@liv.ac.uk). When contacting the Research Governane Officer, please provide
details of the name or description of the study (so that it can be identified), the researcher(s)

involved, and the details of the complaint you wish to make.

Thank you for taking the time to read thi s.

Becky Tatum

The contact details of lead Researcher (Principal Investigator) are: [Contact: Dr Joanne Ireland,
Leahurst Equine Practice, Leahurst Campus, University of Liverpool, Neston, Wirral, CH64 7TE, email:

joanne.ireland@liverpool.ac.uk]. If there are any problems, please let us know and we will try to help.
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Appendix 3 - The image and text used to promote the survey on the UoLEP

and Talk About Laminitis Facebook pages

&’d UNIVERSITY OF ?pt:’?;ﬂn:Care
-5y

LIVERPOOL “wirenies

% ",_

Can you help improve the care of horses and ponies with PPID (Equi ne Cushing's
Syndrome)

If your horse or pony has been diagnoses with PPID within the last 4 years please help us
by completing our questionnaire by following this link: https://kwiksurveys.com/s/xRjV8 Vdm

Pituitary Pars I ntermedia Dysfunction (PPID al so
hormonal disorder in older horses and ponies in the UK. Here at the University of

Liverpool we are conducting an important new research study called; Optimising Car e

for PPID Horses and Ponies

The purpose of this study is to improve our knowledge and understanding of current
management and treatment approaches undertaken by owners and carers. This will help to
develop healthcare plans to improve the quality of life of horses and ponies with
PPID.

For more information and to take part follow this link: https://kwiksurveys.com/s/xRjV8Vdm

Picture to accompany post:
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Appendix 4 - The questionnaire usedto gather info rmati onregarding
owner management practices and QoL in horses with PPID.

Optimising Care For PPID
Horses and Ponies

Baseline Questionnaire

The University of Liverpool is conducting an important new research study called; Optimising Care For PPID Horses And

Ponies.

If your horse or pony has been diagnosed with PPID (also known as Equine Cushing's Syndrome) within the last 4 years
please help us with this important research by completing the following questionnaire regarding your horse’s routine,

management, health and healthcare.

The purpose of this study is to improve our knowledge and understanding of current management and treatment
approaches undertaken by owners and carers. This will help to develop healthcare plans to improve the quality of life of

horses and ponies with PPID.

Please confirm your contact details:

Name
Address
Address

Town

County

Post code
Email address

Phone number(s)
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1.General information
about your horse

1 Whatis your horse's name?

2 How long have you owned/cared for your horse? (If unsure please give an approximate number of years/months)

3 How old is your horse? (If unsure please give an approximate age in years)

4 What breed is your horse?

5 What height is your horse in hands? (if unsure please give an approximate height)

6  What gender is your horse?

Mare Gelding Stallion

7  Please indicate which best describes where your horse is usually kept

Own premises (at home) Private yard Livery yard
Rented premises/pasture Riding school Competition yard
Farm (livestock or arable) Stud farm

Other (Please Specify)
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2. About your horse’s
diagnosis of PPID

8 When was your horse diagnosed with PPID? (mm/yy or number of years ago)

9  Was your horse diagnosed with PPID using a blood test?

Don't know

10 If your horse was diagnosed using a blood test, what type of blood test was used (select all that apply)?

Resting ACTH (Adrenocorticotropic hormone) level TRH (Thyrotropin releasing hormone) stimulation test

Don’t know

Overnight dexamethasone suppression test (ODST)

Other (Please Specify)

11 If you remember the test result(s), please indicate them below.

12 What was your reason for first suspecting you horse/pony had PPID (select all that apply)?

Age

Active laminitis

Abnormal fat distribution (e.g. fat pads around the
neck or hind quarters)

Wasted/loss of muscle over topline

Excessive/patchy sweating

Lethargy/poor performance

Abnormal coat shedding

Overgrown coat

Other (Please Specify)

Vet suspected/suggested

Previous history of laminitis/hoof changes resulting
from previous laminitis episodes

Pot belly

Fat pads around the eyes/puffy lower eye lids

Increased drinking and urination

Recurrent infections (e.g. foot abscesses, sinusitis)

Curly coat

Changes to coat colour/texture
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3.Your horse's treatment
for PPID

13 Has your horse ever received pergolide (Prascend) treatment at any time?

Yes Mo

The rest of this page is about treatment with pergolide (Prascend), if your horse has never received pergolide (Prascend) at
any time please go to section 4 on the next page.

14 Does your horse currently receive pergolide (Prascend) treatment?

Yes Mo

If your horse does not currently receive pergolide (Prascend) please go to Q18 below.

15 Please indicate the dose of pergolide (Prascend) your horse currently receives (number of tablets and how many times
per day)

Number of tablets

Number of times per day

16 Has the above dose of pergolide (Prascend) changed in the last 12 months?

Yes, increased Yes, decreased Mo not changed

Other (Please Specify)
17 Did you consult your vet before making changes to the dose of pergolide (Prascend) your horse recieves?

Mot applicable dose has not
Yes No
changed in the last 12 months

Other (Please Specify)
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18 If your horse does not currently receive pergolide (Prascend) when has he/she done so in the past? (If your horse
currently receives pergolide (Prascend) please go to Q20 below)

When initially diagnosed

n At various times in the past

Dependent on cost

n At specific times of year (seasonally)

E Not sure/can’'t remember

. Other (Please Specify)

19 If your horse does not currently receive pergolide (Prascend) please indicate any reasons for your decision (select all

that apply).

Veterinary advice

n Do not feel | need to medicate currently

C Advice from non-veterinary personnel (e.g. friends,
other horse owners)

n Advice from online forums/social media

E Not palatable (couldn't get my horse to eat the tablets)

Side effects observed

n Not practical

No obvious benefit/improvement observed

Previous experience of PPID

Ability to compete

. Other (Please Specify)

20 During the first 2 weeks of treatment did you notice any adverse effects (side effects) of treating your horse with

pergolide (Prascend) (select all that apply)?

H Loss of appetite

Lethargy/poor performance

Erratic/unpredictable behaviour

E Diarrhoea/loose droppings

Colic

Not applicable my horse has
never been treated with
pergolide

0
G

Other (Please Specify)

21
pergolide (Prascend) (select all that apply)?

After the first 2 weeks of treatment did you notice any adverse effects (side effects) of treating your horse with

None

B Loss of appetite

Lethargy/poor performance

Erratic/unpredictable behaviour

E Diarrhoea/loose droppings

Colic

Not applicable my horse has
never been treated with
pergolide

Other (Please Specify)

| _olo]>
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22 Did these adverse effects (side effects) resolve?

Not applicable no side effects

Yes, quickl Yes, slowl
observed 9 y y

Improved but not gone No
completely

Other (Please Specify)

23 Overall how effective do you feel pergolide (Prascend), treatment is/was for your horse (use the slider below to

specify)?
0 1 2 3 4 g 6 7 8 9 10
@)
Not at all effective Extremely effective

24 Please give any reason(s) for your answer to Q23.

4. Your horse's
treatment for PPID - Part

2

25 Please indicate if your horse currently receives any other veterinary prescribed treatments for PPID?

None Cyproheptadine (Periactin) Trilostane (Vetoryl)

Other (Please Specify)

26 Does your horse currently receive any alternative treatments for PPID? (e.g. non-prescription treatments)

None Agnus castus/chaste berry Homeopathy
Hlerbal supplements (e.g. Cush Magnesium Antioxidants (e.g. vitamins E and
aid, Cush-X) Q)

Other (Please Specify)
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27 Has your horse previously received any alternative treatments for PPID? (e.g. non-prescription treatments)

None ‘ B Agnus castus/chaste berry ‘ Homeopathy
Herbal supplements (e.g. Cush Magnesium Antioxidants (e.g. vitamins E and
aid, Cush-X) Q)

. Other (Please Specify)

28 If your horse did/does receive any alternative treatments, how effective do you feel they are/were for your horse (use

the slider below to specify)?

0 1 2 3 4 5 3 7 8 9 10
(@) )
Not at all effective Extremely effective

29 Please give a reason(s) for your answer to Q28.

30 What factor(s) currently influence your decisions regarding your horse's treatment options for PPID (select all that

apply)?

Advice from a vet at an equine hospital/other vet

Advice from your usual vet )
practice

Advice from non-veterinary personnel (e.g. friends,

Previous experience of PPID
other horse owners, yard staff) P

Cost of treatment = Ageofyour horse

Prognosis | Horse's quality of life

Ability of horse to compete | ACTH test results

Changes in symptoms | Online forums/social media

Other (Please Specify)

=~ —]o]m] o >
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5. Your horse's quality of
life

Quality of life refers to your horse's standard of health, comfort,

and happiness.

31 How would you have rated your horse's quality of life at the time they were diagnosed with PPID?

b 1 2 >

Could not have been worse Could not have been better

The following questions refer to your horse's current quality of life.

32 How would you rate your horse's current demeanour (their way of looking, behaving and their attitude)?
0 1 2 3 4 5 6 7 8 9 10

O

Could not be worse Could not be better

33 How would you rate your horse's current appetite?

o 1 2 3 4 s 6 7 8 9 10
My horse has a poor appetite and does not My horse has a good appetite and always
eat enough wants to eat

34 How would you rate the level of discomfort your horse is currently experiencing?
(o} 1 2 3 4 3 6 7 8 9 10

®)

No discomfort Serious discomfort e.g. acute laminitis

35 How would you rate your horse's current overall quality of life?

o 1 2 3 4 s 6 7 8 9 10
Could not be worse Could not be better

36 Do you feel that PPID affects your horse's normal daily activities?
o 1 2 3 4 5 6 7 8 9 10

(@)

Not at all An extreme amount
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37 What do you consider to be the most important factor(s) that may have influenced your horse's quality of life since

being diagnosed with PPID?

6. About your horse's
health regime

38 How do you decide on a worming regime for your horse?

| worm when the yard

| worm based on faecal egg I worm when the vet advises me manager/owner tells me to or
counts to when everyone else at the yard
worms
| always worm at the same I did my own research and ) .
3 | do not have a worming regime
time(s) each year worm based on that

Other (Please Specify)

39 |If you use faecal worm egg counts, when did you last have one done? (dd/mm/yy)

40 If you can remember the result of your horses latest faecal worm egg count, please give details below
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41 When was your horse last wormed? (dd/mm/yy)

42 Which wormer did you use?

Equest B Equest pramox Equitape
n Eqvalan Noromectin Panacur
Strongid-P Strongid-P double dose n Other

43 How often do you have your horse's teeth checked?

Every 6 months or more
regularly

Once yearly

C Occasionally (e.g. every 2 years)

Only when you suspect a
problem

E Not checked

44 who usually checks your horses teeth?

Vet

Vet who has a further dentistry
qualification

Dental technician

- Other (Please Specify)

Does your horse have any dental problems?

-

46 If yes, please give details of your horse's dental problem(s)

47 s your horse currently vaccinated against any of the following (select all that apply)?

Influenza (Flu)

B Tetanus

Strangles

n Equine Herpes Virus (EHV)

&~
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48 Do you undertake any other management strategies to help keep your horse comfortable and healthy?

7. Veterinary Visits

49 How many routine vet visits/examinations has your horse had in the last 12 months? (e.g. routine vaccination,
prescription check)

50 How many vet visits has your horse had for health problems/emergency(s) in the last 12 months?

51 If the vet attended your horse for a health problem in the last 12 months, please indicate which best describes the
problem (select all that apply)

: = Infection (e.g. foot abscess,
Lameness (excluding laminitis) Laminitis '
sinusitis)

Respiratory disease (e.g.

Injury (e.g. cut, kick Colic
jury/(e:g ) asthma, RAO)

Other illness (e.g. virus, flu)

Other (Please Specify)

52 Has your horse been diagnosed with equine metabolic syndrome (EMS)?

Yes No Don't know
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53 Does your horse have any other health conditions?

54 Is your horse currently showing any clinical signs (symptoms) of PPID (select all that apply)?

MNone Active laminitis

Abnormal fat distribution (e.g. fat pads around the

Hoof changes from previous history of laminitis
g P 2 neck or hind quarters)

Pot belly Wasted/loss of muscle over topline
Fat pads around the eyes/puffy lower eye lids Excessive/patchy sweating
Increased drinking and urination Lethargy/poor performance
Recurrent infections (e.g. foot abscesses, sinusitis) Abnormal coat shedding

Curly coat Overgrown coat

Changes to coat colour/texture

Other (Please Specify)

8. Turnout and outdoor
management

Please note that turnout refers to free access to any uncovered
space outside the stable including grass paddock, bare/dirt

paddock, surfaced area etc.

231



