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Pituitary pars intermedia dysfunction (PPID) is a 
common neurodegenerative condition in older 

horses, affecting approximately 20% of horses over 
15 years of age.1 The condition is associated with a 
constellation of clinical and clinicopathologic abnor-
malities including hypertrichosis, muscle atrophy, 
impaired athletic and reproductive performance, ab-
normal sweating, recurrent infections, desmitis, in-
creased susceptibility to endoparasites and corneal 
ulcers, polyuria and polydipsia, and lethargy or oth-
erwise abnormal behavior, as well as insulin dysreg-
ulation and an increased risk for hyperinsulinemia-
associated laminitis (HAL).2–7 
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Age is the most conclusively identified risk fac-
tor for the development of PPID; however, old age is 
also associated with increased risks for osteoarthri-
tis, dental disease, ocular disorders, and exaggerated 
insulinemic responses to dietary carbohydrates.4,8,9 
Although hepatic, renal, pulmonary, and cardiac ab-
normalities have been identified histologically, and 
gastrointestinal intestinal dysbiosis and decreased 
lumbar bone mineral density have been documented 
in horses with PPID, the respective effects of PPID 
and old age are poorly understood.10–12 Prior work 
has focused primarily on referral populations or 
owner-reported signs, both of which represent bi-
ases in the description of the clinical picture of PPID, 
and frequency of comorbidities of old horses with 
and without PPID in primary care practice.3,10,13–15

Comorbidities experienced over a horse’s life-
time also play a major role in the owner’s willingness 
to treat PPID, regardless of whether or not these 
conditions are actually linked to PPID.16 Therefore, 

Objective
The frequency of comorbidities in horses with pituitary pars intermedia dysfunction (PPID) in first-opinion practice 
is unknown. It is hypothesized that horses with PPID would have more frequent medical events and be euthanized 
at a younger age.

Methods
This was a case-control retrospective study. Medical records ranging from 1996 to 2024 including 132 horses diag-
nosed with PPID and 274 controls matched by age and breed were reviewed. Variables associated with PPID were 
evaluated with a Fisher exact or Mann-Whitney U test followed by conditional logistic regression. Results were re-
ported as median (IQR) and percentage of total. 

Results
Horses diagnosed with PPID were not euthanized at a younger age (median of 26 years [IQR, 22 to 31 years] vs me-
dian of 24 years [IQR, 21 to 29 years]). Factors independently associated with a diagnosis of PPID were poor healing, 
dental issues (including missing tooth or diagnosis of equine odontoclastic tooth resorption and hypercementosis), 
hyperinsulinemia-associated laminitis, and being prescribed NSAIDs.

Conclusions
The use of NSAIDs and occurrence of poor healing, hyperinsulinemia-associated laminitis, and dental issues were 
independently associated with a diagnosis of PPID.
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Horses diagnosed with PPID did not have shorter life expectancies but experienced more medical events during 
their lifetime compared to horses not diagnosed with PPID.
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information regarding the frequency and type of co-
morbidities experienced by horses diagnosed with 
PPID would be of significant benefit to equine vet-
erinarians who must regularly help clients navigate 
treatment decisions in horses with PPID.

The aim of the current study was to assess the 
frequency and type of medical events in horses and 
ponies diagnosed with PPID in primary care practice. 
It was hypothesized that horses with PPID would 
have more frequent medical events and be eutha-
nized at a younger age. 

Methods
Case selection

Medical records obtained from the Purdue Universi-
ty Equine Field Service were reviewed. Records from the 
Purdue University Veterinary Hospital were only used 
when enrolled animals were treated at that hospital.

All horses and ponies diagnosed with PPID by 
any means were included, but donkeys and mules 
were excluded. A diagnosis of PPID was based on 
primary care veterinarian diagnosis including ACTH 
concentrations higher than seasonally adjusted di-
agnostic cutoff values at baseline and 10 or 30 min-
utes after administration of thyrotropin-releasing 
hormone (TRH), consistent clinical signs, and iden-
tification of a pituitary adenoma at necropsy.17–19 
Hormonal testing was performed at the institution’s 
diagnostic laboratory on an Immulite 1000 Chemilu-
minescent Assay (Siemens Healthineers) and inter-
preted based on the seasonally adjusted reference 
ranges or overall reference ranges available to the 
attending veterinarians in the year of diagnosis.

Control animals were selected from horses or 
ponies > 11 years of age not diagnosed with PPID 
by the attending veterinarian. Control cases were 
identified first from owners who had > 1 horse test-
ed for PPID; if no horse met this criterion, controls 
were identified from the Purdue University Equine 
Field Service patient list, with each horse or pony 
diagnosed with PPID matched with 2 controls of the 
same breed type. If an owner had 1 horse diagnosed 
with PPID and more than 2 appropriate controls, all 
same-owner controls were included. If an owner had 
1 horse with PPID and 1 control of a similar age of 
a moderately different breed type, the same-owner 
control was included and 2 additional breed-matched 
controls were added.

Data collection
Medical records were reviewed from the start of 

each animal’s record through the end of November 
2024. Duration of the medical record, signalment (in-
cluding base coat color), type of activity, location of 
boarding (at the time of diagnosis), reason for testing 
for PPID, medical events, treatments administered, 
and reason for euthanasia were recorded when avail-
able. Boarding location was recorded as private resi-
dence or boarding facility and classified as rural or 
suburban based on the Indiana demographic registry. 
Medical events were recorded as numbers (total and 
per year) and type. If a diagnosis of a medical event 
was considered likely by the attending veterinarian or 

the animal was treated for the condition, the medical 
event was considered to have occurred. If a medical 
event was reported to an attending veterinarian but 
managed by an owner without veterinary attention, 
it was considered to have occurred. A diagnosis of 
PPID was not counted as a medical event, as it was 
the variable that defined the groups, but a comorbid-
ity prompting diagnostic testing for PPID was. Medi-
cal events were only considered as total counts and 
were not grouped as occurring before or after PPID 
diagnosis. Treatments administered were recorded as 
antimicrobials, single course of NSAIDs (which had 
a listed stop date or was not refilled), and long-term 
daily administration of NSAID (which was defined as 
a prescription for NSAID that was refilled regularly or 
otherwise described as intended for long-term use).

Statistical analysis 
Horses were grouped based on their PPID status. 

Shapiro-Wilk tests were used to assess the normality of 
continuous data. Nonnormally distributed continuous 
variables were reported as median (IQR) and normally 
distributed data were reported as mean ± SD. Categori-
cal variables were reported as counts and percentages. 
Time-varying data were considered as fixed at the time 
of diagnosis, acknowledging the risk of misclassifica-
tion and the possible time-dependent confounding. 
Univariable analysis was used to identify factors associ-
ated with a diagnosis of PPID by use of unpaired t tests 
or Mann-Whitney U tests, depending on distribution of 
continuous variables, and a Fisher exact test for cat-
egorical variables due to small observed counts. These 
analyses were performed without stratification, provid-
ing an initial overview of associations across the dataset. 
While independence of cases was not assumed, this 
approach allowed for a broad identification of poten-
tial variables of interest prior to more refined, matched 
multivariable analysis acknowledging the possibility of 
excluding variables that appeared nonsignificant when 
unmatched. Conditional multivariable logistic regres-
sion was then conducted to account for the matched 
case-control design, with owner specified as the strati-
fication variable. Collinearity of continuous variables 
was checked with a correlation matrix of Spearman 
correlations to account for nonnormally distributed 
variables. An automated backward stepwise regression 
was used, with P ≤ .20 in univariable analyses to enter 
and P < .05 to stay in the model. Model selection and fit 
were assessed with likelihood ratio tests and omnibus 
tests of model coefficients. The final model included 
only predictors that remained statistically significant 
after adjustment for the matching. Univariable analy-
sis was performed with Prism (macOS version 10.4.1; 
GraphPad Software Inc), and conditional logistic re-
gression was done with SPSS Statistics (macOS version 
30; IBM Corp).

Results
Signalment

A total of 406 animals met the inclusion crite-
ria, including 132 horses and ponies diagnosed with 
PPID and 274 controls. A total of 228 owners were 
included who owned a median of 1 horse (IQR, 1 to 
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2 horses). There was no significant difference in the 
birth year of horses diagnosed with PPID and con-
trols (median of 1999 [IQR, 1994 to 2003] vs median 
of 1999 [IQR, 1996 to 2007]; P = .70), confirming 
age-matching, and the median age at the time of 
PPID diagnosis was 23 years (IQR, 18 to 25 years). 
Of the 132 horses diagnosed with PPID, there were 
77 geldings (58.3%), 54 mares (40.9%), and 1 stallion 
(0.76%), while, of the 274 controls, there were 162 
geldings (59.1%), 108 mares (39.4%), and 4 stallions 
(1.5%). Sex was not significantly different between 
the 2 groups (P = .75). Horses diagnosed with PPID 
and controls included a variety of breeds (Supple-
mentary Table S1), and breed type was not sig-
nificantly different between the 2 groups (P = .90). 
Horses diagnosed with PPID and controls included 
a variety of coat colors, and base coat colors were 
not significantly different between horses with PPID 
and controls (P = .44). Ten horses diagnosed with 
PPID had 3 controls: 4 of 10 due to a control that was 
owner- but not breed-matched and 6 of 10 due to 
the owner having 3 equal quality controls.

Boarding and use
Of the 132 horses diagnosed with PPID, 67 

(50.8%) were kept in suburban areas and 65 (49.2%) 
in rural areas; of the 274 controls, 120 (43.8%) were 
kept in suburban areas and 154 (56.2%) in rural areas. 
Urbanization was not significantly different between 
the 2 groups (P = .20). Horses diagnosed with PPID 
were significantly more likely to be kept at the own-
er’s home, with 82 of 132 (62.1%) kept at home and 
50 of 132 (37.9%) boarded. Of the 274 controls, 139 
(50.7%) were boarded and 135 (49.3%) were kept at 
home (P = .02).

The 132 horses diagnosed with PPID included 
121 (91.7%) that were or had been used for light 
work and 7 (5.3%) that were or had been used for 
moderate to intense work. The 274 control horses 
included 263 (95.9%) that were or had been used for 
light work and 11 (4.0%) that were or had been used 
for moderate to intense work. Activity level was not 
significantly different between groups (P = .61).

Diagnosis of PPID
Of 132 horses with PPID, 125 (94.7%) were di-

agnosed following hormonal testing. The reason 
for testing included abnormal haircoat in 47 of 125 
(37.6%), diagnosis of insulin dysregulation in 28 of 
125 (22.4%), unexplained infections in 15 of 125 
(12.0%), muscle atrophy in 11 of 125 (8.8%), changes 
in behavior in 6 of 125 (4.8%), age-related screen-
ing in 3 of 125 (2.4%), and abnormal sweating in 1 of 
125 (.8%). In 12 of 125 (9.6%), no reason for testing 
could be identified in the medical record, and 10 of 
125 (8.0%) included a reason categorized as other.

Of the 132 horses diagnosed with PPID, 90 
(68.2%) were initially diagnosed based on the results 
of baseline ACTH concentrations, 35 (26.5%) were 
diagnosed based on the results of ACTH concentra-
tions 10 minutes after TRH stimulation (7 of 35 in-
cluded only after TRH ACTH concentrations; none 
used the 30-minute time point), 5 (3.8%) had been 

diagnosed before entering the practice with rea-
sons for and results of initial testing not transferred, 
2 (1.5%) were diagnosed based on clinical signs 
without concurrent hormonal testing, and 1 (0.8%) 
had an antemortem diagnosis of PPID confirmed 
at necropsy. For cases in which only baseline ACTH 
was measured, the median ACTH concentration at 
the time of PPID diagnosis was 114.5 pg/mL (IQR, 
70.1 to 253.8 pg/mL). Some horses were diagnosed 
despite ACTH concentrations below the diagnostic 
threshold because of severe clinical signs consistent 
with PPID. The median baseline ACTH concentration 
that led to a diagnosis of PPID when a TRH stimula-
tion was performed was 34.0 pg/mL (IQR, 28.0 to 
43.4 pg/mL), and the median ACTH concentration 
that led to a diagnosis of PPID after TRH stimulation 
was 376 pg/mL (IQR, 235 to 518 pg/mL). Of the 127 
horses diagnosed with PPID by the Purdue Univer-
sity Equine Field Service, 1 (0.8%) was diagnosed in 
2008, 1 (0.8%) was diagnosed in 2014, 3 (2.4%) were 
diagnosed in 2015, 2 (1.6%) were diagnosed in 2016, 
6 (4.7%) were diagnosed in 2017, 9 (7.1%) were diag-
nosed in 2018, 9 (7.1%) were diagnosed in 2019, 11 
(8.7%) were diagnosed in 2020, 17 (13.4%) were di-
agnosed in 2021, 20 (15.7%) were diagnosed in 2022, 
25 (19.7%) were diagnosed in 2023, and 23 (18.1%) 
were diagnosed in 2024.

Medical events
Horses diagnosed with PPID had significantly 

more total medical events than controls (median of 
7 events [IQR, 4 to 11 events] vs median of 5 events 
[IQR, 3 to 9 events]; P = .01) but no more medical 
events per years of records (median of 0.7 events/y 
[IQR, 0.4 to 1.2 events/y] vs median of 0.6 events/y 
[IQR, 0.3 to 1.2 events/y]; P = .3). Horses diagnosed 
with PPID had significantly fewer medical events per 
year before compared to after diagnosis (median of 0.5 
events/y [IQR, 0.3 to 0.92 events/y] vs median of 1.5 
events/y [IQR, 0.5 to 2.8 events/y]; P < .001; Table 1).  

Table 1—Factors considered in the multivariable analysis. 
Variable	 P value

Boarding	 .02*
Urbanization	 .2
Hoof abscess	 .2
High fecal egg count	 .03*
Loose manure	 .2
Poor healing	 .05
Antimicrobial use	 .07
Equine odontoclastic tooth	 .006*
  resorption and hypercementosisa

Missing tootha	 .1
Dental issue	 < .001*
Hyperinsulinemia-associated laminitis	 < .001*
Adiposity	 .1
Osteoarthritis	 .2
NSAID use	 .006*
Phenylbutazone usea	 .002*
Fever of unknown origin	 .2
Neurologic disease (spinal/peripheral nerve)	 .03*
No. of medical events	 .004*

*P < .05 with univariable analysis.
aVariable removed for collinearity or as part of a composite 

variable.
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Medical events included endocrine (regional adiposity 
and HAL), musculoskeletal (subsolar abscess, tendi-
nopathy, osteoarthritis, nondental bone fracture, and 
lameness not attributed to other included causes), 
dental (equine odontoclastic tooth resorption and hy-
percementosis [EOTRH], dental extraction, diastema, 
fractured tooth, and missing tooth), ocular (corneal 
ulcer, immune-mediated keratitis, conjunctivitis, and 
enucleation), gastrointestinal (fecal egg count [FEC] 
> 200 eggs/g, medically managed colic, gastric ulcers, 
and loose manure or excess fecal water without other 
reported clinical abnormalities), allergic (asthma, in-
sect bite hypersensitivity, and other allergic reactions), 
integument (dermatopathy, evidence of ectoparasites, 
cellulitis, and melanomas), and other medical events 
(fever of unknown origin, weight loss, peripheral or 
central neurologic deficit, cardiac murmur, esophageal 
obstruction, poor healing, anxious personality, and 
systemic inflammatory response syndrome) as well as 
general anesthesia (elective and emergent conditions; 
Supplementary Table S1).

When only animals diagnosed with HAL were 
considered, there was no significant difference in the 
number of times HAL reoccurred between PPID and 
control groups (median of 1 [IQR, 2 to 1] vs median 
of 1 [IQR, 1 to 1]; P = .10). When only animals with 
≥ 1 high FECs were considered, there was no sig-
nificant difference in the number of times high FECs 
reoccurred between horses with PPID and controls 
(2 [1 to 4] vs 2 [1 to 5]; P = .15; Table 1).

Treatment
Of the 132 horses diagnosed with PPID, 125 

(94.7%) received pharmaceutical treatment for PPID. 
Of these 125 horses, 120 (96.0%) received the la-
beled form of pergolide (Prascend) and 5 (4.0%) re-
ceived compounded pergolide, including 4 animals 
where < 0.5 mg was indicated and 1 horse where 
rationale was not listed. No horse received caber-
goline. Of the horses not receiving pharmaceutical 
treatment, 3 of 7 (42.9%) had treatment delayed at 
the attending veterinarian’s discretion due to a com-
bination of mild clinical signs and a mild increase (< 
5 pg/mL) in ACTH concentration, 2 of 7 (28.6%) had 
owners decline treatment for financial reasons, and 
2 of 7 (28.6%) did not have a reason reported. No 
control horses received treatment for PPID.

Nonsteroidal anti-inflammatory drugs were pre-
scribed to 73.5% (97 of 132) of PPID horses and 59.5% 
(163 of 274) of controls (P = .006). Phenylbutazone 
was the only type of NSAID that was more frequent-
ly prescribed to horses diagnosed with PPID. Of the 
132 horses diagnosed with PPID, 76 (57.6%) received 
≥ 1 course of phenylbutazone; of the 274 controls, 
114 (41.6%) received ≥ 1 course of phenylbutazone 
(P = .002). Horses with PPID received more courses 
of phenylbutazone than controls (median of 1 course 
[IQR, 0 to 2 courses] vs median of 0 courses [IQR, 0 to 
1 course]; P < .001) and more courses of phenylbuta-
zone per years of records (median of 0.08 courses/y 
[IQR, 0.00 to 0.12 courses/y] vs median of 0.00 
courses/y [IQR, 0.00 to 0.00 courses/y]; P = .002) but 
were not more likely to be on long-term treatment (29 

of 132 [22.0%] vs 40 of 274 [14.6%]; P = .07). Of the 
132 horses diagnosed with PPID, 60 (45.5%) received 
≥ 1 course of any systemic antimicrobial agent; of the 
274 controls, 111 (40.5%) received ≥ 1 course (P = .39; 
Table 1; Supplementary Table S1). 

Survival
Horses with PPID alive at the end of the study 

period were significantly older than surviving con-
trols (median of 24 years [IQR, 21 to 28 years] vs 
median of 20 years [IQR, 16 to 23 years]; P < .001). 
At the end of the study period, 34 of 132 horses with 
PPID (25.8%) and 33 of 274 controls (12.0%) had 
been euthanized; the age at euthanasia was not sig-
nificantly different between animals diagnosed with 
PPID and controls (median of 26 years [IQR, 22 to 31 
years] vs median of 24 years [IQR, 21 to 29 years]; 
P = .39). Horses diagnosed with PPID that were eu-
thanized had a median survival time of 2 years after 
diagnosis (IQR, 1 to 4 years). Reasons for euthanasia 
in horses diagnosed with PPID included colic in 10 
of 34 (29.4%), nonemergent quality-of-life concerns 
excluding HAL in 9 of 34 (26.5%), emergent reasons 
other than colic in 7 of 34 (20.6%), HAL in 4 of 34 
(11.8%), and being down and unable to rise in 4 of 
34 (11.8%). Reasons for euthanasia in controls in-
cluded emergent reasons other than colic in 13 of 
33 (39.4%), colic in 8 of 33 (24.2%), nonemergent 
quality-of-life concerns excluding HAL in 6 of 33 
(18.2%), being down and unable to rise in 4 of 33 
(12.1%), and HAL in 2 of 33 (6.0%). There was no 
significant difference in reason for euthanasia be-
tween horses with PPID and controls (P = .53). Only 
2 of 34 euthanized horses (5.9%) had PPID listed as 
a major reason for euthanasia.

Multivariable analysis 
Independent factors associated with a diagno-

sis of PPID in primary care practice included poor 
wound healing, dental issue (including missing tooth 
and EOTRH), HAL, and use of NSAIDs (Table 2).

Table 2—Factors associated with a diagnosis of pitu-
itary pars intermedia dysfunction in primary care prac-
tice per a conditional logistic regression with owner 
specified as the stratification variable and based on 125 
cases and 132 controls. 

Variable	 OR	 95% CI	 P value

Intercept	 N/A	 N/A	 < .001
Poor healing			 
  No 	 Ref	 Ref	 Ref
  Yes	 2.36	 1.12–4.97	 .024
Dental issue			 
  No	 Ref	 Ref	 Ref
  Yes	 1.89	 1.01–3.54	 .047
Hyperinsulinemia-
  associated laminitis			 
   No	 Ref	 Ref	 Ref
   Yes	 2.98	 1.48–6.03	 .002
NSAID use			 
  No	 Ref	 Ref	 Ref
  Yes	 2.12	 1.14–3.97	 .018

N/A = Not applicable. Ref = Reference.
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Discussion
The results of the study indicated that horses di-

agnosed with PPID are not euthanized at a younger 
age and do not have more medical events per year. 
However, the results indicated they are more likely 
to have been prescribed NSAID and suffer from HAL, 
poor wound healing, and dental issue (including 
missing tooth and EOTRH).

No difference in reasons for euthanasia between 
horses diagnosed with PPID and controls was detect-
ed. While PPID status appeared to be a consideration 
when deciding to euthanize an animal, many control 
horses had old age listed as a reason for euthanizing 
in the face of critical illness. This is consistent with 
previous reports20,21 that old age is a risk factor for 
nonsurvival in critical illness, a common reason for 
elective euthanasia, and a common reason for eu-
thanizing a horse instead of treating a critical illness. 
There could be little practical difference between an 
owner’s decision to euthanize a horse with a critical 
illness or quality-of-life concerns due to the animal’s 
PPID status versus the animal’s age. The time of 2 
years between diagnosis and euthanasia was shorter 
than the previously reported15,22 3.6 to 4.5 years. 
Horses in our sample were slightly older at diagno-
sis compared to prior reports,3,15,22 but those reports 
were drawn from referral populations. A greater ap-
preciation for the range of potential clinical signs as-
sociated with PPID has likely resulted in PPID testing 
being included in the diagnostic plan for a greater 
range of conditions, leading to improved recogni-
tion of the disease in animals with comorbidities that 
independently necessitate euthanasia, as evidenced 
by the greater number of total medical events in the 
PPID group.2–6 The increasing number of positive test 
results over the included time period likely reflected 
the improved practitioner, and possibly client, rec-
ognition of PPID beginning in the late 2010s.1,8,13,16

The use of NSAIDs is considered protective in 
the development of human Parkinson disease (PD), 
a similar α-synucleinopathy, due to a reduction in 
systemic inflammation and neuroinflammation, but 
the use of NSAIDs was found to be associated with a 
diagnosis of PPID in the current study, although they 
could not be considered protective or a risk factor 
in the current study design.23–25 It is possible that 
NSAIDs are used later in the progression of any in-
flammatory process in horses compared to people or 
that this finding simply represented a greater num-
ber of veterinary-attended inflammatory conditions 
occurring during the animal’s lifetime. 

Insulin resistance in people is a risk factor for PD, 
and up to 76.5% horses with PPID were found to have 
insulin dysregulation.1,3,7,26 The current study further 
supported that PPID is more closely associated with 
insulin dysregulation and HAL than could be explained 
by age-related changes alone.9 Horses diagnosed 
with PPID that became laminitic once did not reoccur 
more frequently than controls that became laminitic. 
These results suggested that pergolide is insufficient 
as a monotherapy in horses with PPID that develop 
HAL and that concurrent specific insulin dysregulation 
management strategies should be considered.3,27

Poor healing of any lesion was associated with a di-
agnosis of PPID. The role of altered cortisol production 
and metabolism in the clinical manifestations of PPID 
remains poorly understood.6,28 While cortisol concen-
trations are not consistently increased in animals with 
PPID, there appears to be markedly increased metabo-
lite excretion and significant alterations in tissue-level 
cortisol metabolism in the skin, suspensory ligaments, 
adipose tissue, and liver in horses with PPID.6,28 The ef-
fects of glucocorticoids on both the inflammatory and 
proliferative phases of wound healing are well docu-
mented, and this finding supports the clinical signifi-
cance of the documented alterations in cortisol metab-
olism in horses with PPID.6,28–30

There is an increasingly recognized connec-
tion between PPID and dental issues, with horses 
with EOTRH having PPID more frequently than age-
matched horses without EOTRH.31 Hypovitamino-
sis D and altered calcium metabolism are proposed 
causes of EOTRH and have been strongly implicated 
in the development of PD.12,31–33 This could be repre-
senting a potential etiologic link between the PPID 
and PD, if hypovitaminosis D is a feature of both neu-
rodegenerative conditions.31,34 However, glucocorti-
coids significantly alter calcium metabolism and this 
might also account for the increased frequency of 
structural dental abnormalities in PPID animals.35,36

Horses diagnosed with PPID were not more 
likely to be diagnosed with corneal ulcers, ten-
dinopathies, or subsolar abscesses. Horses with 
PPID were found to have lower corneal sensitiv-
ity compared to both young and old controls, and 
these changes are correlated with impaired corneal 
healing in other species.4 Increasing age, stable fly 
management practices, allergies, and environmen-
tal hazards might account for the similar number of 
corneal ulcers diagnosed in the PPID and control 
groups in our sample.4,37 However, age, sex, breed, 
work intensity and type, and poor footing have all 
been associated with tendinopathies and likely ac-
counted for the similar rates of occurrence between 
the PPID and control groups.38,39 Increased risk of 
infections, including subsolar abscesses, has been 
documented in horses with PPID, but infections and 
subsolar abscesses were not diagnosed more fre-
quently in the PPID group.1 The similar frequency 
of systemic antimicrobial usage between horses 
with and without PPID in the current sample further 
supported that bacterial infections were not more 
frequent with PPID. While PPID might increase an 
individual’s risk for these conditions, increasing age 
and the presence of other risk factors mean that 
overall rate of occurrence does not appear to differ 
in old horses with and without PPID.4,6,38–40

The most significant limitation of the study was 
the inability to assess whether medical events oc-
curred before or after onset of clinical signs of PPID, 
meaning that none of the associated factors can be 
considered risk factors. However, chronic inflamma-
tion resulting in prolonged oxidative stress is a major 
risk factor for PD and the current study did support 
a greater prevalence of chronic inflammatory condi-
tions in horses with PPID.23–25
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The detail recorded for any given medical event 
and diagnostic and treatment decisions was fre-
quently limited, making it difficult to determine an 
exact timeline of the development of clinical signs 
and follow changes in treatment regimens. However, 
it was possible to confirm the broad categories of 
medical events evaluated in the current study. 

Diagnoses were frequently based on equivocal 
ACTH concentrations or a previous veterinarian’s di-
agnosis, and most controls had not been tested. As 
such, horses could only be compared as diagnosed 
and not diagnosed. Owner matching was intended 
to reduce the risk of controls with undiagnosed PPID, 
as an owner that had tested 1 horse for PPID was 
considered likely to consent to testing if it was sug-
gested for another animal. The fact that the univari-
able analyses were conducted without accounting 
for the matched design might have led to the exclu-
sion of variables that appeared nonsignificant in the 
unmatched analysis but could have been relevant 
within matched pairs. However, this limitation was 
mitigated by the subsequent use of conditional mul-
tivariable logistic regression, which appropriately 
accounted for the matching structure. The sample 
size and lack of detail regarding follow-up clinical 
signs prevented classification of horses as having 
controlled or uncontrolled PPID, which would have 
been clinically relevant. Consequently, our analysis 
compared only diagnosed and undiagnosed horses.

Another major limitation of the relatively small 
sample size was that uncommon medical events might 
have been too infrequent to allow for the detection 
of differences between the 2 groups. The occurrence 
of minor medical events and the use of NSAIDs and 
antibiotics was likely significantly underrepresented 
in both groups due to the reliance on owner report-
ing of these events. However, the data did reflect the 
frequency with which veterinarians could expect to be 
consulted on these decisions in horses with and with-
out PPID. Finally, perceptions of and testing recom-
mendations for PPID changed dramatically over the 
study period, as shown by the larger number of cases 
diagnosed in later years of the study, meaning that 
milder cases might have been missed in the earlier 
portion of the study period.

Overall, horses diagnosed with PPID had more total 
medical events and a greater likelihood of being treat-
ed with NSAID and having HAL, poor wound healing, 
and dental issues. However, in a mostly treated popu-
lation, horses diagnosed with PPID were not likely to 
be euthanized at a younger age or have more frequent 
adverse events when their full medical record was con-
sidered. Potentially related medical events such as high 
FEC, insulin dysregulation, corneal ulceration, desmitis, 
and subsolar abscessation should be managed on an 
individual and multimodal basis and not attributed ex-
clusively to the presence of PPID when they occur.
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