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Abstract

Reasons for performing study: Recent systematic reviews have highlighted #ek lof
quality information with respect to the epidemiojlaaf equine laminitis.

Objectives : To identify in Denmark the risk factors for ngive. not believed to have
suffered from laminitis previously) cases of laitin(NL) and to look at the outcome and
incidence of repeated episodes of laminitis in ¢hasimals as well as those which had
previously suffered an episode of laminitis (i.letanic cases) over the following 12 months.

Methods: Information was obtained from 110 veterinary diaged cases of laminitis (69 new
and 41 chronic) and 80 control animals (the next-laminitic horse/pony seen by that
participating practice). All animals were followddr up to one year. Univariable and
multivariable conditional logistic regression wasnducted for the NL case control pairs.
Variables were retained within the final multivdoia models if the likelihood ratio p-value
was < 0.05.

Results: There was no association between sex or genddaannitis. A recent change of
grass, being on what was considered high qualggggand being a cold-blooded type,
<149cm (i.e. Shetland, Fell, Welsh, or Dartmpaony, Icelandic horse, Norwegian fjords,
or a mix of these breeds) were all significark fectors for laminitis. Although cresty neck
score (CNS), and body condition Score (BCS), wigneaificantly associated with NL at the
univariable screening stage, they were founcetodnfounders of breed and each other
during the multivariable model building processhé@tfactors such as weight, and estimated
starch intake were not found to be significant riithree percent of all the laminitis cases
had been humanely destroyed within 12 months @mdiais, mainly for laminitis associated
reasons, compared with only 7.5% of the contrad®énfor laminitis associated reasons).
Conclusions and potential Relevance: This study confirms the importance of grass towih

and breed on laminitis risk. Horses in work at tirae of diagnosis as well as those
diagnosed in the winter and spring were more likelypoe humanely destroyed within the
next 12 months than those not in work or diagnasede autumn and summer.

Conflicts of inter est

The authors do not have any conflict of interest.



43

44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

62
63
64
65
66
67
68
69
70
71

72

73
74
75
76
77
78
79
80
81
82
83

84

85
86
87

I ntroduction

Laminitis is a systemic condition that manifeststie foot and results in varying
degrees of pain, lameness and debilitation (P@0B4). However, laminitis may best be
regarded as a syndrome rather than a single disedisg because there are multiple inciting
causes and possibly pathophysiological pathwaysrid12012). Currently it is considered
that laminitis can be divided into three main catégs (Geor & Harris 2013a): 1)
sepsis/systemic inflammatory conditions 2) end@&nretabolic and 3) mechanical overload.
Being able to identify those animals at increasskl of laminitis as well as the potential risk
factors is obviously key to reducing the inciderafethis condition (Harris et al 2009).
Recent systematic reviews, however, have highlajtibe lack of quality information with
respect to the epidemiology of equine laminitig]uding data on prevalence, inciting causes
and risk factors (Wylie et al., 2011 a,b). The sadthat are available, suggest that factors
associated with the individual animal as well asrtimanagement may be key as illustrated
by the most recent published UK owner-reported eyuryWylie et al 2013). This work
suggested that the risk of laminitis was increasethe summer and winter compared with
the spring and autumn and in horses that had lgogained weight, had an owner reported
history of previous laminitis, lameness or sorenafier farriery or had a concurrent
endocrinopathy. In addition, there were certain ag@mental factors associated with
increased risk.

Having suffered a previous bout of laminitis, hoeewnay be a confounding issue in
such studies, as it is likely to result in undertyiphysiological or metabolic changes that
may change the risk factors from those associai#il maive cases of laminitis. Another
potential confounding factor in the previous stiyyWylie et al was the use of owner only
reporting. The aim of this case-control study, ¢here, was to identify risk factors for
animals suffering laminitis for the first time in Denmark using veterinarians in equine
practice. Additionally animals that had sufferey apisode of laminitis, whether for the first
time or following one or more previous episodesyevmonitored over the subsequent 12
month period in order to record the outcome andlemce of repeated episodes in these two
subgroups.

Material and methods

Veterinarians in 20 equine only practices throughBenmark participated. Following
identification of a laminitis case based on clihieaamination (backed by clinical guidance
from the study website) the veterinarian registetbd horse and owner (with their
permission) via an online database. The next aowritic horse/pony (within +/- 2 years of
age of this laminitis case), seen by that parttaigapractice was registered as the matched
control. Case-control pairs were therefore matclaxtording to season, age, and
geographical region. Unfortunately not all the saseere matched by their reporting
veterinarian resulting in information being coliedtfrom 110 cases and 80 controls between
June 2009 and September 2010 and then followedddo one year. Animals <lyr of age
were excluded from the study as were those thaeldped laminitis during a stay at an
equine hospital.

Information collected by the Consulting Veterinaria

The veterinary surgeon classified the case asreltbimmg a new, acute (NL) or a chronic
laminitic case. To be included as a NL, the h@wey had to have suffered an acute onset of
lameness in one or more feet accompanied by aeased digital pulse amplitude and/or
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warm feet without any hoof capsule signs (e.g. asachoof wall, “founder rings” [growth
rings that are wider at the heel than the toe{,ditaconvex sole and/or widening of the white
line in the toe) or history of previous laminitiall other animals which suffered from
laminitis (i.e. with a previous history of lamirgtand/or hoof capsule signs with or/without
the aforementioned acute signs) were categorisethrasic laminitics. Following guidance
text and pictures on the study website www.lansrik (additional information can be
provided by contacting the corresponding authot$ geored the clinical signs according the
Obel grade (Obel 1948) of laminitis (0-4), and déxd hoof conformation as either being
‘normal’ (normal hoof form and quality) or ‘abnorihée.g. obvious signs of neglected hoof
care, diverging rings in the hoof wall etc.). Tleporting veterinary surgeon also estimated
the Body condition Score (BCS: Henneke et al. 1881®) the cresty neck score (CNS: Carter
et al 2009a) again guidance was provided through aed pictures on the website. Hoof
conformation, BCS and CNS were reported for thetrotsy in the same way. Weight
estimation was undertaken by the owner. All pgrtiting cases and controls were sent a
commercial weight tape with clear instructions Howneasure the weight.

Information collected by telephone interview

Within two weeks of enrollment an owner telephonteriview was undertaken (NL/MM)
utilizing a standardized questionnaire see TabldHe owners of laminitis cases were
contacted again at 4-6 weeks, 6 months and 12 maitér the initial diagnosis and asked
about management post-episode, whether there &ea &ny clinical progress or further
laminitic episodes, and if the horse was in warkat. . Owners of the case control animals
were contacted at 12 months to determine whetleehdnse had developed laminitis over this
period. Details of any euthanasia/death were recbrd

Table 1:Questions that were asked of the owners of theniéimicases as well as the control
animals at the various time points.

Table 1 to be inserted here
Statistics

Descriptive statistics were created for all datd amere appropriate chi-squared or Fisher
exact tests were used to examine specific hypashedated to level of work at 12 months
and level of work at diagnosis or month of diageosi

Conditional logistic regression, with veterinanagtice or surgeon as the matching variable,
was conducted using NL as the outcome variablestatistical analysis was performed using
STATA/SE 12.1 (College Station, Texas, USA). A wmiable analysis was initially
conducted followed by multivariable forward mansalection process using variables from
the univariable analysis for which the p-value viess than 0.2. Variables were retained
within the final multivariable models if the likélbod ratio p-value was less than 0.05.

Results

Descriptive
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One hundred and ten laminitis cases were recr(itedemale: 49 male; average age 13.5yrs:
range 2-34years) and 80 control animals (33 fendalenale; average age 12.2yrs range 2-25
years). There was no significant difference in aggender between cases and controls.

There were 69 NL and 41 chronic cases. 60.5% ofatménitics were obese compared with
33% of the controls (BCS of 7/9: Dugdale et al 2011).

Time of year of diagnosis
The majority of the cases of laminitis were diagrths1 June (see Figure 1).

Figure 1: Number of laminitis cases reported ea@nth
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Outcome

Within 12 months from enrolment six of 80 (7.5%)ntol horses had been humanely
destroyed (euthanized) compared with 36/109 c&&&%), Seventy-three cases (67%) were
still alive with one unknown (loss of owner conjacthe majority of cases (33/36) were

euthanized for laminitis associated reasons; 1@o0§3@ithin one month of diagnosis and a
further 12 (36%) between one and three months atlg diagnosis. The most common

reasons given were persistent signs (6), persisigns with deterioration (12) or a relapse
(12). Fourteen additional animals had sufferedi@roepisode of laminitis within the year

but were not euthanized.

Only one of the control horses and none of the ritini cases were in hard work at

enrolment. Of the 73 NL horses still alive at 12ntis: 38 (51%) were not lame but were not
working; 31 (44%) were not lame and were back wagkat their previous level and four

(5%) had improved but still had some clinical issaed were not yet in work. Horses not in
any work at the time of diagnosis were signifitatess likely to be euthanized within 12

months than those in mild (Chi squared p-valueG9B) or moderate work (Fisher exact p-
value = 0.01) at the time of diagnosis. There wastatistically significant difference in the

likelihood of euthanasia within 12 months betweenshs in mild or moderate work at the
time of diagnosis (Fisher exact p-value = 0.4).



154  With respect to obel severity grade at diagnogf (22%); 24/66 (36%); 8/26 (31%) and
155  2/7 (29%) were euthanized within 12 months for ajpelde 1, 2, 3, and 4 respectively. The
156 likelihood of being euthanized within 12 monthsdiignosis was not associated with initial
157 obel severity score when comparing horses withgdadith; all others, those with grades 1
158 or 2 or those with grade 1 (Fisher exact p-valdeG=for all three comparisons). In addition,
159 the likelihood of being euthanized within 12 montifsdiagnosis was not associated with
160 initial obel severity score when comparing horsegigosed as grade 3 or 4 with those with
161 grade 1 or 2 (Chi squared test p-value = 0.66) ith Whose horses diagnosed as grade 1
162 (Fisher exact p-value = 1.0).

163 Of 35 horses diagnosed with laminitis in the winterspring, 16 (46%) were subject to

164 euthanasia within 12 months of diagnosis. Of 7&é&srdiagnosed in summer or autumn 14
165 (18%) were euthanized within 12 months of diagnddiwrses diagnosed in winter or spring

166 were significantly more likely to have been eutladi within 12 months than horses

167 diagnosed in summer or autumn (Chi squared p-val®03).

168 Risk factors for new laminitis cases:

169 Table 2 shows details of the final multivariablendmional logistic regression model for NL.
170 An abrupt change in grass (i.e. going from a ret&td number of hours per dayadlibitum
171 turnout, changing from a small restricted areauafidut within a much larger paddock to the
172 larger paddock, or a sudden change to a new pajlduthkin the previous 14 days was
173 associated with a 40.5 fold increase (95% confidemgerval (Cl) 2.6-639.6) in the
174 likelihood of having a NL episode. Being a cold dided (CB) pony had an eighteen fold
175 increase (95%CI 2.3-148.0) in the likelihood of eleping laminitis. Horses kept on
176 paddocks deemed by the owner to be of high quédigyse grass, well managed, fertilized
177 and with high growth rate) were 19 times (95% Q-279.3) more likely to be diagnosed
178  with NL.

179 Table 2. Multivariable conditional logistic regrems model (matching on practice/veterinary
180 surgeon) for new cases of laminitis (NL).

Variable Odds ratic | P-value | 95% Confidence
Intervals

Change of grass (compared to no change 46E5 0.009 2.6 —-639.6

grass)*

CB ‘pony’ <149cm (compared to other breeiB.4 0.006 2.3-148.0

types)

High paddock quality (compared to moderate ©9.3 0.009 2.1-179.3

poor)

181 * Days since change of grass: Range = 1-14 daysnme8 days and median = 7 days;
182 25"%tile = 5; 7%"%tile = 12 days. CB ‘pony’ <149cm high (i.e. Shatla Fell, Welsh, or
183 Dartmoor pony, Icelandic horse, Norwegian fjordsaanix of these breeds)

184

185 Discussion

186 This study looked at the risk factors for newseplies of laminitis and also monitored the
187 outcome of any animal suffering from laminitis oviele 12 months following the initial
188 diagnosis and enrolment.
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Risk Factors

A common factor in both this study and in the recgndy in the UK (Wylie et al 2013) is
new access to grass. In the UK study it was adecegsass within the past month whereas in
this study it was an abrupt change in grass intekiein the past 14 days (although for the
majority of cases the change was considerably mement than this). All the NL cases in this
study were out at pasture for at least 2 hrs a dagl, for the majority the change in grass
intake reflected a sudden increase in the numbépofs at pasture, or a marked increase in
the size of the grazing area suggesting an increafiée amount of grass available. This
suggests that grass intake may either be the aaudlee final triggering actor for many
animals developing NL. This might be linked to mased intake of water-soluble
carbohydrates (WSC: which include the simple sugarsvell as the more complex storage
carbohydrates/sugars: fructans) and/or starch (&ddarris 2013). However, it is not clear
whether this may be due to disturbances to thenguatoflora, insulin dynamics, and a
combination of both or some other factors (Geor &mii$ 2013). In addition, in this study
there was an apparent increased risk if the padslgcss quality was considered to be high
(i.e. the paddocks had plenty of grass, were wahaged etc.). This suggests that the nature
of such grass and/or the herbage yield may be it@pbrCertainly ponies may ingest 4% and
even 5% BW in dry matter out at grass (LonglandaleR011) and recent survey work
(Longland et al unpublished data) has shown tha4f samples of pasture grasses
(perennial ryegrass, timothy and fescue) harvestecbughout a growing season
approximately 20 percent contained > 20 percenCV88 a DM basis, ~. 5% > 25% WSC
and ~ 3% >30% WSC. If a 250 kg pony was turned gnass with a 27.5 % fructan content
it would only need to ingest 4.5 kg DM grass (1.BW DM) in order to ingest the amount
of fructan used by Kalck and co-workers to induaeihitis in some of their non-laminitis
prone animals (Kalck et al 2009). Even if largexkas of high NSC grass do not result in the
‘typical carbohydrate or fructan’ overload as ire texperimental models it is possible that
they could result in large and/or persistent peskasulin (Byrd et al 2006, Geor & Harris
2013). However, why some but not all animals ousooh pastures develop laminitis is still
an unknown question and may relate to their gengtedisposition or inherent insulin
dynamics (Harris et al 2006, Borer et al 2013).

In the study by Menzies-Gow et al. (2010), univiarianalysis revealed that animald4.3
(~149cm) hands in height were at reduced risk miriis and in the Wylie et al. 2013 study
increasing height appeared to be protective. Is $hidy apparently being a cold blooded
type pony < 149 cms (ie Shetland, Fell, Welsh,Dartmoor pony, Icelandic horse,
Norwegian fjords, or a mix of these breeds) butanwarm blooded type pony of <149 cms
(i.,e. Danish Sport Pony, Dutch Sport Pony, Araba mix of these breeds) were associated
with an increased risk of NL. There was, howeverapparent protective effect of being one
or other of the horse groups. This may suggestateed or breed: height interaction may be
key perhaps because certain breeds are more atietdly efficient, more likely to have
abnormal insulin dynamics in response to a dieN®C challenge, more likely to be or
become obese and potentially more at risk of lami(Geor et al 2013, Goer & Harris 2013,
Bamford et al 2014). Interestingly in the Menziesw2010 study, in multivariate analysis,
weight but not height was a significant risk factém a prospective study of pasture-
associated laminitis, the majority of affected amlsn (89 of 107 cases) were
overweight/obese (Menzies-Gow et al., 2010b). Addally, overweight animals were at
increased risk of severe clinical signs and wess léely to survive; such findings were
consistent with earlier reports that identified sibeas a risk factor for laminitis (Alford et
al., 2001). However, in this current study neitB&S nor cresty neck score were significant
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in the multivariable model, even though they weagnificant at the univariable modelling
stage. BCS and CNS were correlated and both weméowoders for breed which was
retained in the final multivariable model. In sealeother studies a CNS score>of3/5 has
been associated with an increased risk of lami(i&ley et al 2008, Carter et al 2009b, and
Geor & Harris 2013). In an inbred herd of Welshd dpartmoor ponies, for example the
presence of obesity (generalized or regionalcresty neck), hyperinsulinemia (insulin >32
mU/L when sampled on winter pasture) or hyperleptim (>7.3 ng/ml) were useful
predictors of laminitis episodes when ponies wexposed to high carbohydrate pasture
(Carter et al., 2009b). It may be that having dhigresty neck score may increase the risk of
laminitis purely due to the additional fat presenthis particular adipose tissue depot (Burns
et al 2010, Bruynstein et al 2013) or this couldalqgroxy for increased abdominal fat and/or
increased risk of having insulin dysregulation etdén a published consensus statement from
the American College of Veterinary Internal MediirfFrank et al 2010) the equine
metabolic syndrome (EMS) phenotype was defined layit@ria including a predisposition
towards laminitis and generalised obesity and/areased adiposity in specific locations
(regional adiposity). Since then the features tledine EMS have been widely debated and it
is clear that not all of these components, in paldr obesity, may be present in all
individuals having underlying metabolic derangemseahd an increased risk of laminitis
(Geor et al 2013) and obesity does not automagicaélan that an individual will be insulin
resistant and have abnormal insulin dynamics (Bané&t al 2015). Although, much more
work is needed to understand the relationship bEtwabesity, a high cresty neck score and
laminitis risk it is important to note that obesiyd/or cresty neck and/or recent gain in
weight have been important risk factors for lanmni several studies. .

In some other studies, females have been suggesbedat a greater risk (Menzies- Gow
2010, Alford et al., 2001). The reason for theaappt increased laminitis risk in mares is not
known. However, in this study gender was not appidy a significant factor. Neither season
nor age were significantly associated with theliileod of NL but this reflects the study
design which matched on both of these factors. Nleekess it is interesting to note that more
cases were diagnosed in June than any other mdritin g similar to the retrospective study
in the South of England which noted that over a&éryperiod, the highest prevalence (2.6%)
and incidence (16 cases/1000 animals) of laminitsurred in May. The recent UK study
(Wylie et al 2013) suggested that that animals vegngroximately four times more likely to
have laminitis in both summer (June—August) andteviiDecember—February) months
compared to spring (March—May). Evidence of sed#gnaas been said to be inconsistent
(Wyllie et al.,, 2011b) and this may reflect diffateenvironmental factors (perhaps
influencing rate and extent of grass growth) in thikerent studies in different locations.
Anthelmintic treatment and transportation were exdluated in this study so a comparison
with the Wylie et al 2013 findings on these aspeatsnot be made.

Outcome

In this study approximately 30 % of the animals ethsuffered an episode of laminitis
had been euthanized within a year of the diagn@ighese the majority were for laminitis
related reasons (e.deterioration/relapse and/or persistent sig@s)d in the majority of cases
they were euthanized within three months of diagnatie to signs becoming more
pronounced or having another episode of laminitienzies-Gow et al. (2010b) also
observed that approximately one-third of animakydosed with laminitis had at least one



284
285
286
287
288
289
290

201
292
293
294
295
296

297

298
299
300
301
302

303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328

more episode over a 6yr period with about a quartehem having a repeat episode in the
same year as the original diagnosis. In this carstandy a slightly higher percentage of
animals (~11%) were euthanized for repeated lamiihd 27% of those that were not
euthanized within the year also had a further efj@s®&uch findings support the clinical
impression that some animals are prone to repegtesthdes of laminitis and suggest that
there may be phenotypic or genetic factors asstiatith susceptibility and/or they are
repeatedly being exposed to environmental fact@skeep them at increased risk.

Of interest is that proportionally more animals eeuthanized that were in mild or
moderate work (compared to no work) before the tatisiincident. This perhaps suggests
that the owners of such animals were less toleshhe situation and less willing to keep
more active horses alivEurther work on the decision making process atetie of life for
laminitic horses may be of value.

Conclusion

This veterinarian led study into laminitis risk fas highlights the importance of grass
turn out and breed. Further work is needed to exalthe interaction between these two key
factors. It also highlight the important role thatchange in grass intake, both type and
particularly amount may play at any time of the ryeat only the spring as commonly
thought.

References

Alford, P., Geller, S., Richrdson, B., Slater, Mgnnas, C., Foreman, J., Robinson, J.,
Messer, M., Roberts, M., Goble, D., Hood, D. anai@h, M. (2001) A multicenter, matched
case-control study of risk factors for equine laitrenPrev Vet Med19, 209-222.

Bailey SR, Habershon-Butcher JL, Ransom KJ, Ellg& Menzies-Gow NJ (2008)
Hypertension and insulin resistance in a mixed-thyegoulation of ponies predisposed to
laminitis. American Journal of Veterinary Resea@®(1):122-129.

Bamford, N.J., Potter, S.J., Harris, P.A., Bail§yR., 2014. Breed differences in insulin
sensitivity and insulinemic responses to oral ghecim horses and ponies of moderate body
condition score. Domestic Animal Endocrinology 401-107.

Bamford, N.J., Potter, S.J., Harris, P.A., Bail§yR., 2015a. Effect of increased adiposity on
insulin sensitivity and adipokine concentrationfiarses and ponies fed a high fat diet, with
or without a once daily high glycaemic meal. Eqfegerinary Journal, doi:
10.1111/evj.12434.

Borer KE, Bailey SR, Menzies-Gow NBiarris PA & Elliott J (201Effect of feeding
glucose, fructose, and inulin on blood glucoseiasdlin concentrations in normal ponies
and those predisposed to laminitis. J. Anim. 3@12.90:3003-3011

Bruynsteen L, Erkens T, Peelman LJ, Ducatelle Rsskens GP, Harris PA, Hesta M (2013)
Expression of inflammation-related genes is assedieith adipose tissue location in horses.
BMC veterinary researc9(1):240

Burns TA, Geor RJ, Mudge MC, McCutcheon LJ, Hingh&Ww, Belknap JK (2010)
Proinflammatory Cytokine and Chemokine Gene ExpoesBrofiles in Subcutaneous and
Visceral Adipose Tissue Depots of Insulin-Resistard Insulin-Sensitive Light Breed
HorsesJournal of Veterinary Internal Medicin@4(4):932-939.

Byrd B Trieber K Kronfeld D Geor R Staniar W & HisrPA (2006)



329
330
331
332
333

334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376

Circadian and seasonal variation on pasture NSCiacwlating insulin concentrations in
grazing horses. Journal of Animal Science 84 (SappB30-331(abstract).

CarterRA, StaniaWB, Cubitt TA, Harris PAand GeoRJ (2009a) Apparent adiposity
assessed by standardised scoring systems and mmplomeasurements in horses and
ponies Veterinary Journal 179 204 — 210.

Carter RA, Treiber, K.H. Geor, R.J., Douglass,& Harris, P.A.(2009b)Prediction of
incipient pasturassociated laminitis from hyperinsulinaemia, hypgtihaemia and
generalised and localised obesity in a cohort oigg Equine Veterinary Journal, 41(2):171-
178.

Donaldson, M.T., Jorgensen, A.J., Beech, J., 2B04luation of suspected pituitary pars
intermedia dysfunction in horses with laminitisudwal of the American Veterinary Medical
Association 224, 1123-1127.

Dugdale AHA, Curtis GC, Harris PA, & Argo McGC. (20) Assessment of body fat in the
pony: Part |. Relationships between the anatondisatibution of adipose tissue, body
composition and body condition. Equine Ve#43d,.552-561.

Frank, N., Geor, R.J., Bailey, S.R., Durham, A.id dohnson, P.J. (2010), Equine Metabolic
Syndrome. Journal of Veterinary Internal Medicigé; 467-475

GeorRJ Harris PA (2013) Laminitis In GedrJ Harris PA Coenen M (eds) (2013) Equine
Clinical and Applied nutrition 469 -486 Elsevier

Geor RJ, McCue M & Schultz N (2013) Current untmding of Equine Metabolic
Syndrome phenotype . Journal Equine Veterinaryrisei3 (10) 841-844.

Harris PA (2012) Laminitis after 2000 years: Addimdgcks to our wall of knowledge The
Veterinary Journal 191 (2012) 273-274.

Harris PA, Bailey SR, Elliott J & Longland A (2008Yountermeasures for Pasture-
associated laminitis in Ponies and Horses J Nr2134S — 2121S

Henneke DR, Potter GD, Kreider JL,& Yeates BF.83)9 Relationship between condition
score, physical measurements and body fat peraeimtagaresEquine Veterinary Journal
15:371-372

Kalck, K.A., Frank, N., Elliott, S.B., et al., 2008ffects of low-dose oligofructose treatment
administered via nasogastric intubation on inductd

laminitis and associated alterations in glucoseiasdlin dynamics. American Journal of
Veterinary Research 70, 624—-632

Longland AC, Ince J & Harris PA(2011) Estimatioinpasture intake by ponies from
liveweight change during six weeks at pasture. uJirkggVeterinary Science 31 : 275 — 276
McGowan, C., 2010. Endocrinopathic laminitis. Vétary Clinics of NorthAmerica Equine
Practice 26, 233-237.

Menzies-Gow, N.J., Katz, L.M., Barker, K.J., Eltial., De Brauwere, M.N., Jarvis, N., Marr,
C.M. and Pfeiffer, D.U. (2010) Epidemiological syuof pasture-associated laminitis and
concurrent risk factors in the South of Englavidt Recl67, 690-694.

Menzies-Gow N. J., Stevens K., Barr A., Camm leif&ér D. U. and Marr C. M. (2010b)
Severity and outcome in equine pasture associatethitis managed in first opinion

practice in the UK. Veterinary Record, 167,362-9.

Obel N. Studies on the histopathology of acute fatisi 1948, Uppsala: Almgvist &

Wiksells Boktryckeri AB.

Pollitt, C.C. (2004) Equine Laminitis Clinical Taglques in Equine Practic8(1) 34-44

Wylie, C.E., Collins, S.N., Verheyen, K.L.P. andvden, J.R. (2011a) Frequency of

equine laminitis: A systematic review with qualégpraisal of published evidence. The
Veterinary Journal 189, 248-256.



377
378
379
380
381
382

383

Wylie, C.E., Collins, S.N., Verheyen, K.L.P. andvden, J.R. (2011b) Risk factors for
equine laminitis: A systematic review with qualégpraisal of published evidence. The
Veterinary Journal 193, 58-66.

Wylie CE, Collins SN, Verheyen KL, Newton JR Risk factoos €quine laminitis: a case-
control study conducted in veterinary-registeretsés and ponies in Great Britain between
2009 and 2011 Vet J. Oct;198(1):57-69.



Interview #1
(2 weeks after laminitis
episode)

Interview #2
(4-6 weeks after
laminitis episode)

Interview #3
(6 months after
laminitis episode)

Interview #4
(12 months after
laminitis episode)

Horse data : e.g. age, gender,
breed, estimated weight

Euthanized — Y/N

Euthanized — Y/N

Euthanized — Y/N

Date of laminitis

Reason for any

Reason for any

Reason for any

euthanasia euthanasia euthanasia
Clinical signs Clinical signs Clinical signs
* Better * Better e Better
* Same e Same e Same
*  Worse *  Worse e Worse
Interval between shoeing e Useof e Useof e Useof
¢ Date of last shoeing therapeutic therapeutic therapeutic
shoeing Y/N shoeing Y/N shoeing Y/N
* Farriery * Farriery * Farriery
intervals intervals intervals

Details of Veterinary treatment:

* Were NSAIDs used, Y/N
and if so which

* were pads used pads Y/N,

¢ was a change of bedding
recommended and made
Y/N —if yes to what,

e was box rest recommended
Y/N

Continued use of box
rest—Y/N

If No : Duration of box
rest after laminitis
* Indays

Continued use of box
rest—Y/N

Continued use of box
rest—Y/N

Duration of treatment

Continued use of

Continued use of

with NSAID NSAIDs —Y/N NSAIDs - Y/N
Diet and feeding management Diet and feeding Diet and feeding Diet and feeding
prior to laminitis (including type | management after management management
and amount of complementary | laminitis currently currently
feed per meal/day)
Information regarding grass Is the horse back out Information Information

turnout prior to laminitis:

¢ Size of the paddock,

¢ no. of horses on paddock,

¢ height of grass (where the
horses graze)

e quality of grass: poor (e.g
dry/mature), moderate or
lush (eg dense grass,
well managed, fertilized
and with high growth
rate).

at grass again Y/N

If yes

e Size of paddock

e Quality of
paddock (grass,
sand, dirt)

regarding any

current grass turn

out

¢ Size of paddock

e Quality of
paddock (grass,
sand, dirt)

regarding any
current grass turn
out
* Size of paddock
* Quality of
paddock (grass,
sand, dirt)




*  How many hours out at
grass :
never,
<2hrs,
2-<4hrs,
4hrs,
>4-8hrs,
>8-12hrs,
Ad libitum

Had there been any abrupt
change in grass intake (from
restricted hours to ad libitum;
opening up from restricted
areas to the whole; moved to a
new paddock) in the 14 days
prior to the laminitis episode :
Y/N
¢ If yes how many days
prior to laminitis
episode

Workload prior to laminitis:

Is the horse back to

Is the horse back to

None : (less than once a week); | work Y/N work Y/N
Light work (1-3x per week); If yes: If yes:
Moderate work ( >4 x per week e less * less
at a low intensity); e same * same
hard work( >5 times per week e  more e  more

at high intensity)

Is the horse back to

work Y/N

If yes:
e less
e same
e more

Controls

Interview #1
(Within 2 weeks of enrolment)

Interview #2
(12 months after enrolment)

Horse data : e.g. age, gender, breed,
estimated weight

Euthanized — yes or no

Reason for Veterinary consultation
(other than laminitis)

Reason for euthanasia

Workload prior to enrolment

Any episode of laminitis during
the last 12 months

Diet and feeding management prior to
enrolment (including type and amount
of complementary feed per meal/day)

Information regarding grass turnout
prior to enrolment:

¢ Size of the paddock,

¢ no. of horses on paddock,

¢ height of grass (where the horses




graze)

e quality of grass: poor (ie
dry/mature), moderate or lush.

¢ How many hours out at grass :
never, <2hrs, 2-<4hrs, 4hrs, >4-8hrs,
>8-12hrs, Ad libitum

Interval between shoeing
e Date of last shoeing




ACCEPTED MANUSCRIPT

Figure 1: Number of laminitis cases reported each month.
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We identify risk factors for new cases of laminitis in Denmark based on 110 cases and 80 controls
Outcome and incidence of repeated episodes is obtained by following cases for 12 months
Significant risk factors are recent change in grass, high quality paddock and breed

33% of all laminitis cases were euthanized within 12 months of diagnosis

The likelihood of euthanasia following a diagnosis of laminitis depends on the type of work
and the time of year of diagnosis



