Epidemiology of colic: Current knowledge and future directions
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Synopsis: 
Epidemiological studies are essential for generation of evidence-based, preventive healthcare strategies. This includes ways to minimise colic risk and assist informed decision-making around diagnosis, treatment and likely outcomes. It is important to consider that colic is not a simple ’disease’ but is a syndrome of abdominal pain that encompasses multiple different disease processes, and which is multi-factorial in nature. This review focuses on prevention and diagnosis of colic, including specific forms of colic, communications with owners /carers around colic risk and management, and areas of future research focus. 
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Key points: (3-5)
· Colic continues to be a key health and welfare issue in horses, remaining a common concern for horse owners and a frequent reason for veterinary attendance with potential for death or euthanasia despite medical and / or surgical treatment. 
· Education around colic prevention remains critical, taking into account the different perspectives that exist across different types of horse owners, including those with differing levels of education and with different perceptions and previous experiences around colic.
· Veterinary treatments, whether medical or surgical, should consider evidence of benefit, cost and owner affordability.
· Use of ‘big data’ through generation of large patient medical databases, surveillance data and research datasets across different equine populations and technological advances facilitating real-time clinic and stall-side data collection have great potential to add to our evidence-base from farm / clinic level to international studies, facilitating more accurate monitoring of colic prevalence, rapid assessment of the efficacy of new interventions and generation of specific predictive models.





INTRODUCTION

Epidemiological studies investigating colic provide important information that can be used to devise evidence-based preventive healthcare strategies to minimise the risk of colic and assist informed decision-making around diagnosis, treatment options and likely outcomes. Identification of risk-factors for colic also provides further clues about aetiology, including potential pathophysiological mechanisms that warrant further laboratory-based, fundamental research. Epidemiological studies in this area are complicated by the fact that colic is not a simple ’disease’ but is a syndrome of abdominal pain that encompasses multiple different disease processes, and which is multi-factorial in nature. Appraisal of such studies should consider study design, including the population being investigated and definition of colic used, and data analysis including use of multivariable techniques. This is not an exhaustive review of the epidemiology of colic, which is beyond the scope of this article, but will focus on key aspects in relation to colic prevalence and impact, prevention, diagnosis, communications between veterinarians and owners /carers around colic risk and management, and areas of future research focus. 



POPULATION STUDIES AND ‘BIG DATA’ 

Multiple epidemiological studies conducted in the 1990’s, mainly in the USA, demonstrated
that colic has a significant impact on equine health and welfare, with a case fatality rate of 6.7-11%, accounting for upto 28% of equine deaths depending on the population studied.1–3  In the US 2015 National Animal Health Monitoring System (NAHMS) report, 4 colic continues to be one of the most common causes of morbidity, affecting 1.2 – 4.2% of horses based on age group. Colic was the most common cause of mortality in horses aged between 1 – 20 years of age, accounting for 31.2% of deaths in this age category, and was the second most common cause of death in geriatric horses (13.4% of deaths in horses >20 years of age). These figures are consistent with morbidity and mortality data from other countries, based on equine insurance datasets.5–8

Colic is one of the most commonly cited equine medical concerns for veterinarians9 and horse owners / carers 10,11, including owners of working equids in developing countries. 12,13 Severe forms of colic, requiring surgery or euthanasia, have previously been considered to represent <10% of colic cases assessed by veterinarians in ambulatory practice.2,14,15 However, a recent study reported that 23.5% of colic cases seen by veterinary practitioners in two UK ambulatory practices were classified as ‘critical’ in nature (defined as cases that required intensive medical or surgical management, were euthanased or died)16. Colic is a common cause of out-of-hours (OOH) veterinary visits in equine ambulatory practice, being the most common equine emergency requiring veterinary attendance accounting for 35% of OOH visits in two UK ambulatory equine practices17, and one of the most common causes of emergency admissions to large animal referral hospitals.18  Colic therefore continues to be a key health issue for veterinarians and horse owners globally and remains an important focus for ongoing research. 

By identifying modifiable risk-factors, epidemiological studies have enabled evidence-based strategies to be devised to reduce the risk of colic. 19,20 However, the degree to which colic incidence overall has changed since these risk-factors started to be identified and quantified is difficult to determine. Very few studies have investigated the effect of interventions on the incidence of colic21 and is an area for future research focus. Within managed equid populations, the incidence of colic has been estimated at between 4-26 episodes per 100-horse-years-at-risk15. Most studies have investigated colic incidence in specific equine populations and have been used to extrapolate likely incidence in the wider equid population. However, the true incidence of colic in the general equid population is unknown. These studies have traditionally been expensive and time consuming to perform. However, technological advances may offer opportunities for more cost effective, rapid collection and reporting of data obtained from horse owners and veterinarians in field and hospital settings. These include data collection via mobile devices such as phones and tablets, use of text-mining software to interrogate data records and design of bespoke computer programmes to facilitate real-time data collection and reporting.  

Use of ‘big data’ approaches is not a new concept for epidemiological investigations of colic, utilising national survey data and insurance datasets as already outlined. Within the field of companion animal epidemiology, this is an area that has expanded rapidly including development of large medical record datasets by veterinary corporate companies, 22  collaborations between epidemiologists, private and university-based veterinary practices and hospitals (e.g. SAVSNET 23, VetCompass 24), and development of research datasets (e.g. Dogslife Project25 ).  Whilst there are challenges around privacy, data security and technical vulnerabilities, these large-scale datasets provide many opportunities for research and improvements in pet health26. Text-mining of large datasets to investigate the prevalence and survival of horses with chronic diseases 27 and antimicrobial prescribing practices in equine practice 28, expansion of medical recording systems and surveillance datasets to include collection of equine data (e.g. EVSNET 29) and creation of colic audit and research datasets (INCISE30) all provide opportunities to enhance epidemiological investigations into equine colic, including real-time reporting of data. However, it is important that such data is accurate and can be reliably collected and analysed, including data collected outside clinic facilities e.g. ambulatory practice. For studies investigating colic, specific potential barriers to data collection such as time constraints, concerns around confidentiality and use of data have already been identified 31. Around a quarter of colic episodes may resolve spontaneously with no veterinary intervention 15, so use of veterinary treatment records or direct veterinary reporting of colic episodes is likely to underestimate the true prevalence. Other limitations include biases in data collection such as reporting bias due to veterinarians only inputting data for selected cases (e.g. more memorable cases or severe forms of colic) or observer bias e.g. veterinarian or horse owner misreporting of colic cases 32. Overall, whilst there are limitations and challenges, big-data approaches provide exciting new opportunities in colic epidemiological research. 


ECONOMICS AND AFFORDABILITY OF CARE  

The current economic cost of colic to the global equine industry is unknown. In the 1990’s the economic impact of colic to the US equine industry was estimated at $115.3 million, 66% of these costs associated with horse mortality1. These costs will now invariably be substantially greater given that colic remains a common cause of equine morbidity and mortality. The total world equid population has previously been estimated at 112 million, comprising of 58.5 million horses and 53.5 million donkeys and mules, with working equids in low income, net food-importing countries representing >1/3 of all equids and >50% of all donkeys33. In addition to direct economic costs of colic related treatment and mortality, diseases such as colic have wider socio-economic impacts in the latter populations34.  

Economics also impact on owner decision-making and options for treatment. During periods of global economic recession, data from a US and a UK referral hospital population demonstrated reduction in the proportion of horses presented for assessment of colic undergoing surgical treatment and increased proportion of horses being euthanased 35. Increases in the cost of veterinary care due to inflation and new therapies are not always associated with parallel increases in the cover provided by insurance companies36 and there are concerns that colic surgery may become unaffordable for some horse owners37. Therefore, the economics of treatment of colic and affordability for individual owners have to be considered. Similar to human health care, the costs of veterinary medical care have been increasing faster than inflation over the last 20 years38. The principle of value-based care has been utilised within human healthcare, where care is based around the principle of achieving the best patient-based outcomes for the lowest cost39. Development of a value-based veterinary care (VBVC) framework  based around this principle has been proposed38. Epidemiological studies demonstrating efficacy of different treatments on colic outcomes, including well designed interventional, multi-centre studies and cost-benefit analyses of these are key areas for ongoing research. Such studies would assist veterinarians and owners in making informed decisions around treatment, particularly where economics are limited and may constrain options, keeping treatment of colic (and in particular surgery) as affordable as possible for horse owners.  


THE HUMAN ELEMENT

In addition to using an evidence-based approach to guide management of our patients, as veterinary professionals, we also have to consider how we convey information from epidemiological studies about preventive healthcare to animal owners.  Horse owners / carers play a critical role in decisions about routine management of horses, which may impact on colic risk. These include recognition of signs of colic, decisions around seeking veterinary advice and choice of treatment options, including potential surgical management. Social science approaches are widely used in the medical field to better understand the behaviour of people, including barriers and motivators to improving human health, which can be used to develop tailored, educational strategies40. A UK study showed that multiple different owner typologies exist with variations not only between but within professional and non-professional (lay) horse owner groups in how they recognise and manage colic41. The motivation to contact a veterinarian and make decisions around treatment is related to the owner’s primary attitude towards colic (for example, some owners choose to wait and see, some use lay treatments, and some choose to contact a veterinarian initially), as well as financial aspects. Owner’s attitudes were also shown to be based around their previous experience of colic and the experiences of their friends and other horse owners. In a separate study, owners’ knowledge was also shown to have an impact on the speed of recognition of colic, as well as an estimation of severity42. Due to the variations in owner’s attitudes towards colic and the disparity in knowledge between some owners, there is no ‘one size fits all’ approach and veterinarians must tailor their approach to communication and education around colic prevention and care based on individual client’s knowledge and perceptions. This approach can help to develop educational campaigns around colic such as the UK’s British Horse Society ‘REACT now to beat colic’ campaign43. For working equid populations, in addition to conventional epidemiological approaches44, use of participatory methods provides valuable and complementary information that can be used to inform interventions12,34. These approaches can be used to explore horse owners understanding of colic and gaps in knowledge  around colic13 and subsequent development of interventional strategies to minimise colic risk.

Epidemiological studies have also challenged some common perceptions held by horse owners and some veterinarians. One such example is surgical treatment of colic in geriatric horses and ponies. Epidemiological studies have shown that horses and ponies over 16 years of age are more likely to be euthanased prior to surgical intervention, compared to younger age groups45. However, there is no evidence of increased risk of postoperative mortality in geriatric patients treated for small intestinal strangulating disease.46  Horse owners commonly cite perceived poor success rates of surgical treatment and concerns about horses inability to return to athletic function (authors observations). However in horses undergoing surgical treatment of colic that recover following anaesthesia, whilst prognosis can vary dependent on a number of identified risk factors for non-survival, studies have demonstrated that overall 74-85% of horses survive to hospital discharge with 63-85% returning to athletic performance.47 Therefore it is important that veterinarians can present available evidence enabling horse owners to make informed decisions around colic management, including surgical treatment. 


COLIC PREVENTION

Epidemiological studies have demonstrated that there are various horse- and management-level risk factors for colic in general, and for specific forms of colic, which are often multiple and overlapping. 19,20,48 Factors such as age, sex and breed cannot be modified but can assist identification of horses at higher risk of specific forms of colic, assisting decision-making around likely diagnosis and treatment options (see next section). Where identified risk factors can be modified, this evidence can be used to devise preventive strategies to reduce the likelihood of colic developing, particularly in horses who have already had a colic episode. A longitudinal study performed in the UK demonstrated that of horses that required medical treatment for colic, 36.5% of horses had recurrence of colic in the following 12 months with a recurrence rate of 50 colic events per 100-horse-years-at-risk, which is much higher than the risk of colic in the general population49. Therefore even when attending a horse that presents with colic for the first time and which resolves following medical treatment, veterinarians should provide advice around colic prevention.  Most important in terms of identified modifiable risk factors are diet, time spent at pasture or stalled, parasite control and dental prophylaxis as outlined in the following sections. 

Geography and season are known to play a role in colic risk, which likely reflect an interplay between various environmental and management related factors. Epidemiological studies conducted at a more regional level can alert veterinary surgeons and owners to increased risk of specific forms of colic in particular geographic regions such as those caused by enteroliths50,51,  duodenitis-proximal jejunitis (DPJ)52 or more unusual forms of colic such as idiopathic focal eosinophilic enteritis (IFEE).53  Anecdotal evidence of possible variation in colic incidence at specific times of the year (seasonality) has been suggested in various studies but this is difficult to prove using conventional statistical methods. In the UK, this has been investigated using more complex mathematical models.53,54  In a UK hospital population, consistent seasonal patterns for colic admissions of any type and specific forms of colic were identified and for others (pedunculated lipoma obstruction) where there was no evidence of seasonality (Figure 1)54. Cyclical patterns for all colic admissions, medical and surgical colic admissions, large colon displacements/volvulus coincided with spring and autumn (fall) months, coinciding with times of the year when horses are likely to undergo changes in diet, turnout and other management-related factors such as exercise. Other patterns such as large colon impaction and epiploic foramen entrapment admissions demonstrated a consistent cyclical increase in frequency over the winter months, times of the year when horses are more likely to be stalled and where sudden changes in pasture turnout and feeding may occur.


Stalling, pasture turnout and exercise
These factors all have a degree of interplay, as a horse that is stalled for long periods of the day will also have reduced opportunity to graze at pasture and more limited ability for exercise. Epidemiological studies demonstrate that in general, colic risk is reduced by avoiding sudden changes in turnout and stalling, avoiding long periods of time spent stalled and by providing consistent pasture turnout55–57. Increasing time spent at pasture also reduced the likelihood of colic recurrence in horses subsequent to an episode of medical colic, making this an important intervention to consider in individual colic cases. For some groups of horses such as those that display cribbing behaviour, increased likelihood of colic has also been shown to be directly correlated with increased hours spent stalled per day and decreased hours of pasture turnout58. This is also an important risk factor for specific forms of colic such as simple colonic obstruction distention(SCOD) where risk is greatest in horses stalled for 24 hours per day59 and where recent decrease in exercise and transport <24 hours previously were also identified to increase SCOD risk, all factors which contribute to reduced gastrointestinal motility.  Other examples of specific groups of horses where increased pasture turnout is protective include horses at irisk of enterolithiasis51.


Diet
Epidemiological studies have demonstrated that diet is a key element in colic risk and has been a focus of multiple investigations. Overall, colic risk in general is reduced by avoiding sudden (<2 weeks duration) changes in forage type and batch and changes in concentrate type and quantity55–57,60,61.  For horses in specific regions such as those where enterolithiasis is more likely to occur or where specific feed types such as Coastal Bermuda hay are more likely to be fed, dietary interventions are important in reducing risk of enterolith associated colic50,51,62 or development of ileal impactions63. Diet is complex to assess and in epidemiological studies, it can be difficult to obtain detailed and reliable dietary data, even in prospective studies, and particularly on premises where multiple people may be involved in a horses daily care. It is not currently clear why some certain forage types or sugar beet pulp have been associated with increased risk of colic in specific groups of horses58 or specific forms of colic64. Diet type, quantity and dietary alterations may all be factors associated with changes at a more molecular level within the horses gastrointestinal system65.

Technological developments have led to major advances in molecular gastrointestinal research, and increased availability and affordability have made these technologies accessible for equine intestinal research. A vast amount of research conducted in laboratory animals and people has demonstrated that the intestinal microbiome has significant effects on a range of host systems including metabolism, immune system and brain function66,67. Investigation of the equine microbiome in health and disease is an important and active area of current research68. In future epidemiological studies, specific features of the equine microbiome may be important variables to include in multivariable models investigating colic risk. Studies have demonstrated that the microbiome of healthy horses varies with season, age, subsequent to parturition and according to management related factors including changes in diet, access to pasture, gastrointestinal parasite status and following administration of medications69–74. Microbiome alterations have been demonstrated in horses with colic 75–77 but more studies are required to gain a greater understanding of specific features of the  equine microbiome and association  with colic risk across a range of different equine populations and different forms of colic. There is huge potential to conduct interventional studies to manipulate the microbiome through dietary supplementation such as administration of probiotics78, particularly in horses that develop recurrent episodes of colic where there is no identifiable cause. Fungi are also key components of the microbial gut population79 and mycobiome studies are in their relative infancy in current equine gastrointestinal research. One recent study identified mycobiome alterations in the gastrointestinal tract of horses with grass sickness (equine dysautonomia)80 providing important, new insights into this disease. It is important that such studies, including the effects of interventions to manipulate microbial populations of the equine gut, are well designed and utilise statistical models that take into account the normal differences between individual horses and effects of other potentially confounding factors such as pasture turnout and concurrent administration of medications. 

Parasite prophylaxis
Epidemiological studies provide evidence that minimising gastrointestinal parasite burdens through administration of anthelmintics is associated with reduced risk of colic 44,55,59,81 and that high gastrointestinal burdens of the equine tapeworm, Anoplocephala perfoliata, is an important risk factor for spasmodic colic and ileal impaction, accounting for 81% of ileal impactions in one study82. However, frequent administration of anthelmintics increases selection pressure for anthelmintic resistance (AHR) and failure to be able to effectively minimise equine gastrointestinal parasite burdens due to development of AHR could increase colic risk. There is evidence of AHR in strongyle populations in different geographic regions to different classes of anthelmintics used in horses83,84 and evidence that effects of climate change may also accelerate AHR85. Lack of development of any new classes of anthelmintics means that judicious, best-practice in parasite control is critical. 84 Educational strategies in this area will become increasingly important including use of targeted worming strategies and avoidance of anthelmintic administration as a sole means of parasite prophylaxis. 


Dental prophylaxis
Severe orodental disease is a risk factor for colic44 and known dental issues have been identified to increase the risk of colic recurrence86 and impaction colic in donkeys87. Dental prophylaxis has also been shown to be associated with reduced risk of SCOD colic59 and identification of quidding behaviour, frequently associated with orodental pathology, increases the risk of large colon volvulus64.  Therefore horse owners should be aware of the importance of regular (6-12 monthly), thorough dental assessment and appropriate treatment as a way to reduce colic risk.  


Stereotypic behaviour
Horses that display oral stereotypic behaviours including cribbing have been shown to be at increased risk of colic44, recurrent colic86 and specific forms of colic including SCOD59 and epiploic foramen entrapment88,89. Once established, cribbing behaviour is difficult to stop making it important to try to prevent this behaviour from developing during a horses early life90 as interventions to physically prevent horses from cribbing are likely to severely compromise welfare91 and there is no evidence that such interventions reduce the risk of colic in these horses. Severity of cribbing behaviour has also been shown to be associated with increased likelihood of a history of previous colic92.  This is area that requires more research to better understand the relationship between the gut-brain axis in horses that display oral stereotypic behaviours. Current evidence suggests that avoiding feeding of haylage and maximising pasture turnout in the autumn (fall) months may help to reduce the likelihood of colic in these horses.58


Surgical interventions to prevent colic 
Specific forms of colic including left and right dorsal displacement of the large (ascending) colon, large colon volvulus, epiploic foramen entrapment and inguinal hernias are more likely to recur compared to other forms of colic. This has resulted in development of several surgical procedures to reduce the risk of recurrence of these specific forms of colic including laparoscopic methods to close or ablate the nephrosplenic space93,94, epiploic foramen 95,96 and  inguinal rings97–99 and colopexy or resection of the large colon.100  From an epidemiological point of view, the optimal way to demonstrate efficacy of an intervention is to assign these randomly. However, in practical terms this is unlikely to be achievable as these procedures are more likely to be biased towards horses who are considered good candidates for a specific surgical procedure, or horse owners who have the financial means / emotional investment in that horse. Demonstrating efficacy of any surgical intervention is essential but when appraising studies where interventions are not randomly assigned, it is important to consider the potential for selection bias. Assessment of outcome following such procedures is important and whilst it is important to consider the potential for bias, there is evidence to support their use in reducing recurrence of these specific forms of colic.94,101,102 



DECISION-MAKING AROUND LIKELY DIAGNOSIS AND TREATMENT

Early identification and surgical intervention for those forms of colic that cannot be managed medically is critical for optimal survival and reduction in postoperative morbidities. Multiple studies have demonstrated that reduced survival and increased incidence of postoperative complications are more likely in horses with severe cardiovascular derangements prior to surgery including elevations in heart rate, systemic packed cell volume, plasma and peritoneal lactate103–105. However, in the early stages, many different pathological lesions that cause abdominal pain, and which may or may not require surgery, present with similar signs. This makes the veterinarian’s task challenging, particularly in the early stages of colic and where use of additional tests may not be feasible to perform outside of clinic facilities. 

Epidemiological studies have shown that different risk factors exist for specific forms of colic, some of which may overlap with other forms of colic. These studies also quantify the increase or decrease in risk associated with these different colic types (Table 1). Veterinarians can utilise a risk-based approach to consider how likely a horse is to have a particular form of colic (or not) by using information about horse signalment, prior colic history, current management and knowledge of local geographic information about colic risk, in conjunction with the results of clinical examination and response to analgesia. An exact diagnosis is not essential prior to referral to a suitable facility for potential surgical intervention. Increasing certainty of a specific diagnosis by waiting for additional or worsening clinical signs to develop risks deteriorations in the horse’s systemic status and potential requirement for intestinal resection, with consequent reduction in the chance of an optimal postoperative outcome.  However, for horses that are at high risk for specific forms of colic that require surgical intervention, the decision for early referral and surgical intervention may be facilitated through application of epidemiological information and use of this in discussions with horse owners. 

Identification of other risk factors that could increase the certainty of the need for surgical intervention at the earliest possible stages, particularly if this information can be utilized stall side, is a key area of ongoing research and could have major potential benefits for equine health and welfare. In recent years, research has focused on identification of biomarkers in blood or peritoneal fluid that can be detected in the earliest stages of the disease process. Alterations in lactate, serum amyloid A, haptoglobin and creatinine kinase in peripheral blood and peritoneal fluid have all been identified as biomarkers for more severe forms of gastrointestinal disease106–109. However, there is a current lack of evidence around their ability to reliably detect surgical lesions using multivariable models and, apart from use of portable lactate meters, many of these biomarkers can only be measured in suitably equipped clinics. 
Metabolomic and proteomic approaches have been widely used in the human medical field to assist identification and prognostication of human patients with a variety of disease conditions. Biomarkers including L-histidine, pyruvic acid and stearic acid have been demonstrated to have clinical application in improving prediction of patient survival, as well as the likelihood of morbidities110,111. Nuclear magnetic resonance (NMR) and mass spectroscopy are screening tools that can be used to assess large numbers of biomarkers in both tissues and biofluids. Although at a relatively early stage in equine colic research, this approach has been applied to analysis of blood and peritoneal fluid samples of horses with different forms of colic107–109,112. If one or more novel biomarkers that can be easily assessed at one point or sequentially are identified, these will require testing in multivariable models to determine if this information improves our ability to better predict which horses may need surgical intervention and likely operative outcomes. 

Mutiple epidemiological studies have been undertaken to determine factors that are associated with postoperative survival and likelihood of development of postoperative complications47. Evidence from these studies is important in assisting informed decision-making in the primary care and referral hospital setting and can aid discussions with owners prior to, during and following surgery regarding likely outcome and associated costs.  A recent study demonstrated that previously developed single and multivariable predictive models113–117 were poor predictors of patient survival in populations different to the population used to develop a specific model118. This highlights the importance of generating and maintaining large patient datasets, including pooling of data from multiple clinics. This would assist generation of additional multivariable models, some of which are based on more localised data, and updating of models ulitizing data obtained from larger populations of horses with colic. 


CONCLUSIONS

Colic continues to be a key health and welfare issue in horses, remaining a common concern for horse owners and a frequent reason for veterinary attendance with potential for death or euthanasia despite medical and / or surgical treatment. Education around colic prevention remains critical, taking into account the different perspectives that exist across different types of horse owners, including those with differing levels of education and with different perceptions and previous experiences around colic. Veterinary treatments, whether medical or surgical, should consider evidence of benefit, cost and owner affordability. Development of large computer datasets across different equine populations and technological advances facilitating real-time clinic and stall-side data collection have great potential to add to our evidence-base from farm / clinic level to international studies, facilitating more accurate monitoring of colic prevalence, rapid assessment of the efficacy of new interventions and generation of specific predictive models. Concurrently, ongoing and future equine gastrointestinal research utilising metabolomics, proteomics, and further studies of the equine gut microbiome and mycobiome are key in helping us to better understand the pathophysiology of different forms of colic, improved methods of prevention, earlier detection of cases requiring potential surgical intervention and more accurate prognostication. 



Figure 1. Seasonal patterns of colic in cases presented to a UK referral hospital over a 10 year period, using estimates from a Bayesian regression model (reproduced with permission Archer et al. BMC Veterinary Research 200654)



	Specific colic type
	
	References

	Epiploic foramen entrapment
	 Risk: Cribbing behavior, history of colic in the prior 12 months, increased stabling in the prior 28 days, increased height, person responsible for daily care, winter months
 Risk: Access to mineral / salt lick, behavioural features, not fed at the same time as other horses
	54,88,89

	Pedunculated lipoma obstruction
	 Risk: Increasing age, geldings and breed (Arabians, Quarter Horses, Saddlebred, Pony breeds) 
	119–121

	Ileal impaction
	 Risk: Anoplocephala perfoliata infection, feeding Coastal Bermuda hay, failure to administer a pyrantel salt in prior 3 months
	63,122123

	Idiopathic focal eosinophilic enteritis
	 Risk: Younger age, geographic location, months between July - November
	53

	Large colon volvulus
	 Risk: Increasing height, multiple colic episodes in the previous 12 months, mares, mares that had previously foaled,  quidding behaviour, receiving medication (other than anthelmintics), in the previous 7 days, increase in the hours of stabling in the previous 14 days, greater number of horses on the premises, 3 or more people involved in horse’s daily care, feeding of hay, feeding of sugar beet, a change in pasture in the previous 28 days, an alteration in amount of forage in the previous 7 days
	64

	Simple colonic obstruction and distention
	 Risk: Cribbing behavior, increased hours stabled, recent reduction in exercise, transport in the previous 24 hours, absence of administration of ivermectin or moxidectin in prior 12 months, resident on premises <6 months, history of previous colic, reduced frequency of dental prophylaxis
	59

	Impaction colic in donkeys
	 Risk: Increasing age, receiving extra feed rations, previous history of colic, paper bedding, feeding of concentrates, limited pasture access, increasing number of carers, recent weight loss, recent vaccination, dental pathology
	87,124

	Enterolithiasis
	 Risk: Feeding Alfalfa hay, feeding  of diet as alfalfa, feeding <50% of diet as oat hay or grass hay, lack of daily access to pasture grazing,  50% time spent outdoors, Arabian / Arabian x, Miniature, Morgan, American Saddlebreds horse breeds, donkeys
Dry climates, magnesium, ammonium phosphorus in diet
 Risk: Thoroughbred, Standardbred and Warmblood breeds, stallions
	50,51,62


Table 1. Horse and management level risk factors for specific forms of colic identified from epidemiological studies selected on the basis of a suitable control population. 
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