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A FARM-BASED PROSPECTIVE STUDY FOR EQUINE COLIC RISK FACTORS
AND RISK ASSOCIATED EVENTS
By
Mary Kay Tinker
Kevin D. Pelzer, Chairman
Veterinary Medical Sciences
(ABSTRACT)

Improved definition of risk factors for equine colic is necessary to develop
effective interventions to reduce colic incidence. A one-year prospective study was
conducted to estimate colic incidence and to identify risk factors. Farms with greater
than 20 horses were randomly selected from two adjacent counties of Virginia and
Maryland. Management information was recorded by questionnaire for 31 farms
with 1427 horses. Owners kept calendars to record occurrence of specified events.
Colic was reported by the owner when a horse exhibited signs of abdominal pain.

The incidence of colic was 10.6 colic cases per 100 horse-years, based on 104
cases per 983.5 horse-years. Twenty-five deaths occurred from all causes, the
proportional mortality rate of colic was 7/25 (28%).

Risk factors were analyzed by logistic regression at the farm-level and the
horse-level with farm as a random effects variable. No farm-level variables were
significant. Significant horse variables were: age 2-10 years, odds ratio (OR)=2.8
(95% confidence interval, 1.2-6.5); previous colic, OR=3.6(1.9-6.8); changes in

concentrate feeding during the year, OR=3.6(1.6-5.4); more than one change in hay



feeding during the year, OR=2.1(1.2-3.8); feeding high levels of concentrate (>2.5
kg/day dry matter, OR=4.8(1.4-16), >5 kg/day dry matter, OR=6.3(1.8-22)); and
vaccination with monocytic ehrlichiosis vaccine during the study, OR=2.0(1.8-22).
Feeding whole grain with or without other concentrates had less risk than diets
without whole grain included. Variables related to concentrate feeding frequency or
concentrate type could be substituted for the concentrate level variable.

A nested analysis examined risk for the time period following an event. The
odds ratio was determined for the proportion of cases with an event within 14 days
prior to the colic-date, relative to the proportion of horses without colic with an event
within 14 days of a date chosen at random from the observation time. Weather
events were analyzed for the three days before the colic or assigned date. Foaling
was analyzed for three time periods: before, 0-60 and 60-150 days post-foaling.
Significant events were recent vaccination, OR=3.31(1.9-6.0); recent transport,
OR=3.3(1.2-5.5); 60-150 days post-foaling, OR=5.9(1.8-13); and recent fever,
OR=20(2.5-169). Snow on the day of the colic, OR=2.8(1.0-7) and humidity

<50% the day before the colic OR=1.6(1.0-2.9) were marginally significant.
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Chapter 1

Introduction

Prevention of equine colic is a goal that requires a clear understanding of the
causes and mechanisms that lead to the disease. Veterinarians recommend parasite
control, sound nutrition, adequate water, regular dental care, removal of foreign
materials from the environment, and gradual changes in feeds and exercise to prevent
colic!. The guidelines are basic and general, promoting good health and prevention
of many diseases. However, colic occurs in horses in which preventive measures
appear to be followed. Elimination of parasites through effective anthelmintic agents
and environmental management has been the major focus of previous work.
Scientific study to document other specific preventive measures for colic are lacking.

Studies of colic have several inherent problems because of the broad "disease”
definition. Colic is defined as acute abdominal pain?, which may be due to many
types of lesions®. In mild cases, those receiving no or only medical treatment, the
actual lesion is usually unknown. Investigators must make a choice between studying
all colics or a subset of cases where the lesions have been definitively identified by
surgery, necropsy or clear-cut clinical signs. The first choice means working with
multiple lesions, some of which may not be closely related. The second choice
means limiting the study population to a small number of serious cases. The choice

is dependent upon the study goals. All colics were used for this study based on the



assumption that for most colic the end pathological result is not specific to the cause.
The cause or causes are hypothesized to initiate a gastrointestinal or abdominal
abnormality that leads to further aberrations in motility, circulation, position,
digestion or inflammatory response that manifest in pain. Sometimes the abnormality
may progress to a serious lesion such as a strangulation or obstruction, depending on
other horse factors. One causal factor may be involved in the initiation of multiple
types of colic pathology and one type of colic pathology may have multiple causes.
If this hypothesis is accepted then working with a group of cases selected by
pathology does not help clarify cause and effect relationships.

Literature concerning the causality of colic should be evaluated based on the
strength of evidence supporting a possible mechanism. Reports on causal factors can
be divided into four types: 1) risk factors mentioned by authors without reference to
any data, 2) risk factors that come from case reports and series without a control
population comparison, 3) risk factors where a comparison has been made with a
control population, and 4) experimentally tested risk factors. The first type are
anecdotal or based on the author’s experience or accepted knowledge from textbooks
or other experts. The second type includes reports of abnormal findings that were
documented in association with colic lesions. While cause is not directly linked to
effect, if abnormalities are rare findings in horses without colic and the role of the
abnormality in the colic is plausible biologically, then abnormalities are likely causes.

For example, large amounts of hair in the intestine would generally be accepted as an



abnormal finding that could create an impaction which would alter gastrointestinal
motility and obstruct the movement of ingesta. For most of these factors, a reference
frequency for the exposure expected in horses without colic is not known, such as
how many horses without colic have equivalent amounts of hair in their intestine
without developing an impaction. Most colic studies are of this second type, case
reports and case series. In the third type, the controls used for comparison to
provide a reference are other colic cases, other hospital cases or healthy population
controls. Few population based studies are available. Selection factors for cases and
controls may introduce bias. These studies are frequently limited because
information is not available for controls. Some studies have used other colic cases
not of the type of interest as a control group for comparing risk, which requires the
assumption that the types of colic are clearly defined and independent. A control
group with a disease related to the disease being studied may introduce bias and
make interpretation of risk difficult. Few experimental studies, the fourth type, have
been performed except for parasite and toxic agents.

Therefore, experimental and observational studies without selection bias are
needed. More knowledge is required before experimental studies can be designed.
Larger numbers of horses and long study periods are required to examine the causal
factors proposed. With this background, an observational study using a randomly
selected farm population was conducted. A prospective study was chosen to allow

determination of colic incidence, morbidity and mortality of a horse population on



farms and collection of accurate exposure information on a wide variety of
hypothesized risk factors. Logistic regression with random effects was chosen to
account for the herd effects due to the experimental unit, horses being clustered on
farms. Alternative methods of analysis did not allow herd effects to be considered as
a random effect.

This report includes results from a prospective study of horses from a random
sample of mid to large size farms from two counties in Virginia and Maryland, USA.
In the literature review, the causes and risk factors previously reported are discussed.
The study results are separated into four chapters because many risk factors were
investigated and a large amount information generated. Each chapter covers a
different aspect of the analysis, but all chapters are interrelated and come from the
same population, study design and dataset. The materials and methods section for
Chapter 3 presents a complete description of the full study. The materials and
methods for the other chapters concentrate on the portion of the study that applies to
the results reported in the respective chapter. Chapter 3 results and discussion
concentrate on the technical problems concerning the analysis not addressed in the
other chapters.

Chapter 4 reports the incidence and mortality rates for colic. The study
population is described along with a description of the cases. Farm, gender, breed,

age and use specific incidence densities are reported.



The cohort analysis of risk factors is reported in Chapter 5. Specific factors
hypothesized to increase colic were decreased roughage intake, transport, recent
pregnancy, decreased water intake, parasitic infection, high concentrate consumption,
and high level of medical treatment. The study objective was to determine if the
above factors, other farm or horse factors, nutritional or management practices and
events and weather were associated with an increased risk of colic in horses or on
farms in the study.

A short induction time was hypothesized between exposure to a risk factor
and the development of colic. A nested date analysis was performed for event and
weather variables to examine the association between an event and colic within a
short time period following the event. This analysis also dealt with questions in the
cohort analysis about whether a horse’s categorization for some risk factors was
influenced by events happening after the colic. The date analysis is reported in
Chapter 6.

The General Discussion, Chapter 7, summarizes the analyses as a whole, and
makes suggestions for improvement of this study. The risk factors and risk
associated events found in this study are discussed in terms of previous work and
needed future work to continue the study of risk factors for colic. It is hoped that
these results will generate ideas for further observational studies with planned

interventions to reduce the incidence of colic.



Chapter 2

Literature Review

Description and Pathology of Colic

Acute diseases of the equine abdomen that cause pain are commonly referred
to as colic?. Colic is not a defined disease. The term "equine colic" refers to a
group of behavioral signs and clinical abnormalities exhibited by the horse in
response to abdominal pain. The owner recognizes the horse’s behavior as colic, a
potentially life threatening condition. The veterinarian is called to determine the
underlying pathology that initiated the horse’s pain, its seriousness and to treat the
problem. Colic was the top-ranked disease in a survey on the frequency of medical
problems treated by equine practitioners®.

Lesions associated with colic have been categorized by anatomic location in
the gastrointestinal tract and by type of pathology, as obstruction, strangulation, non-

strangulating infarction, enteritis, peritonitis, ulceration or ileus**%”,

Many specific
types of lesions are included within each category. Much of the literature regarding
colic consists of descriptions of specific lesions and their differential diagnosis,
treatment and prognosis. The type of lesions involved for a large subset of colic
cases is unknown either because surgery or necropsy were not performed or signs

were not definitive to make a specific diagnosis or identify the involved anatomic

site. The diagnosis for these undefined colic cases is frequently referred to as ileus,



spasmodic colic, verminous arteritis or simple colic®. Parry® reported 29% of 79
cases treated at the University of Melbourne and White® reported 25% of 4279 cases
treated at 14 university hospitals in the United States fit into this category.
Abdominal pain may also occur with other types of diseases that involve the

reproductive organs, bladder, kidney or liver and not the gastrointestinal tract’.

Anatomy, Physiology and Postulated Colic Mechanisms

The equine gastrointestinal tract has several unique anatomic features. The
horse has a relatively small stomach, enlarged comma-shaped cecum and a long,
wide, relatively unattached large intestine that forms two U-shaped loops®. The
horse has evolved to occupy an ecological niche that involves continuous grazing of
forage® with no grain. Sixty per cent of the digestive capacity is in the cecum and
large intestine where microbial fermentation of cellulose plays a major role in
digestion.

Gastrointestinal motility and digestion is dependent on the type of diet and
timing of feeding'®!12, The gastric and small intestinal phases of digestion are
relatively short; liquid markers reach the cecum in two to three hours after ingestion.
Mechanical breakdown of solid matter and protein digestion occur in the stomach.
Enzymatic digestion of protein, soluble carbohydrate and fat and absorption of
nutrients take place in the small intestine. A small amount of microbial digestion

takes place in the stomach and small intestine. Microbial digestion of remaining



soluble carbohydrate and protein and all insoluble carbohydrate to volatile fatty acids
occurs in the large colon and cecum. Mean transit time for liquid markers through
the cecum was five hours and over 50 hours for the remainder of the large colon®.

Clarke has reviewed and compared the physiology of equine digestion of a
high-energy, low-forage diet fed twice daily to that of a steady state diet of frequent
small meals that simulates grazing'?. Shortly after a single large feeding, horses
experienced a transient state of hypovolemia due to secretion of saliva, bile, gastric
and pancreatic juices. A second period of hypovolemia was noted at six hours post-
feeding due to colonic secretions. Activation of the renin-angiotensin-aldosterone
system in response to hypovolemia led to renal and intestinal fluid absorption to
restore fluid balance. Plasma volume was constant for horses with simulated
grazing. A large meal altered the normal pattern of the small intestinal migrating
myoelectric complexes (MMC) to one that was postulated to increase the transit rate
of digesta into the large bowel and decrease the time for small intestinal digestion.
The MMC patterns appeared unaltered by continuous intake feeding. Large shifts in
fluid volume of the large colon were measured after a concentrated meal. First, fluid
was secreted into the lumen for six to eight hours followed by a four hour absorptive
phase of fluid and volatile fatty acids from the lumen. The horses fed a steady-state
diet had a constant net absorption. Abrupt introduction of concentrates into a horses
diet caused fluctuations in the large colon microflora due to bursts of intense

fermentation that increased bacterial numbers, decreased luminal pH, and increased



numbers of lactic acid producing bacteria. Clarke proposed that in the horse fed high
concentrate diet twice daily, a cycle of subclinical carbohydrate overload-like states
occur which could affect the mucosal integrity and the muscle activity of the large
intestine. He suggested that physiological systems are in a delicate balance and that a
disruption by disease, parasites or changes in management such as altered feeding
interval, water deprivation or unavailability of salt may lead to digestive disorders.
Fluid imbalances, motility alterations, fluxes in microbial fermentation,
parasite migration and bowel wall inflammation are speculated to be mechanisms that
induce the pathological lesions involved in colic, obstruction, strangulation
obstruction, non-strangulating infarction, and enteritis. Pain is a result of activation
of inflammatory pain receptors or luminal distention or traction on the mesentery
causing activation of stretch pain receptors'. Obstruction may occur from mechanical
blockage of movement of ingesta, fluid and gas, or functionally as adynamic ileus,
which is a lack of motility due to interruption of propulsive muscle contractions or
nervous control¥. Strangulation obstruction involves blockage with vascular
compromise, either arterial, venous or both. Vascular compromise without
obstruction occurs in non-strangulating infarction. Inflammation, such as in enteritis
and peritonitis, involves damage through inflammatory mediators and fluid balance.
As each lesion progresses further alterations in motility, gaseous production, fluid
accumulation, ingesta reflux, interruption of digestion, damage to the intestinal wall

and release of inflammatory mediators or endotoxin may occur. Systemic signs due



to fluid and electrolyte imbalance, and cardiovascular deterioration may follow!. In
simple colic the pain initiating pathology is resolved without progression to damage

that is irreversible.

Colic Incidence and Prevalence

The incidence of equine colic for a randomly selected population of horses on
farms is unavailable. The incidence of colic has been reported in several studies with
differing definitions of the population at risk. In these studies the incidence reported
was influenced by selection factors for the population at risk. Rollins and Clement'
reported 9% out of 10,541 horses in an Arizona private equine practice had colic
over a 5 year period. Bell and Lowe'® reported an incidence of 27 severe colics in
255,916 horses (4 colics per 100,000 entrant-days) for horses competing in American
Horse Shows Association events. Foreman and White!” reported 118 colic visits
(6%) out of 1929 ambulatory calls at the University of Georgia. Barrett et al.'® using
a telephone questionnaire reported that out of 19,850 horses treated at 78 Welsh
veterinary practices during 1988, 1331 were colic cases. An incidence estimate of
6.7 colic cases per 100 equine cases per year could be calculated from this
information. Uhlinger'® measured an incidence of 26 cases/100 horse-years at risk in
a prospective study of 14 non-randomly selected herds.

Colic case series reports are available for several referral or private hospital

20,21,22,23

populations . Cases included are influenced by the practice type, economic
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