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B Correlation between equine colic and weather changes
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ABSTRACT. The objective of this study is to evaluate the possible correlation between relative humidity/tempera-
ture change and equine colic in a specific region of Northern Greece. A study population of 823 adult horses stabled in a
40-km-radius around Thessaloniki, Northern Greece were included in this study; a total of 245 horses, suffering from sev-
eral types of colic between January 2010 and December 2012 were selected. Metereological data, including temperature
(°C) and relative humidity (%) were obtained as 3-hour periodic measurements by the Hellenic National Metereological
Service. Statistical analysis was performed using Spearman correlation coefficients in order to assess the relationship
between temperature changes, relative humidity changes and equine colic. A positive correlation between temperature
change and equine colic was detected during March for the whole 3-year period, while positive correlation was presented
during several months of late spring and late fall in specific years. No correlation between changes in relative humidity
values and colic was shown. Moreover, a negative correlation between relative humidity and temperature, for tempera-
tures>10°C (tho=-0.568, p<0.01) was found, while, a positive correlation (rho=0.650, p<0.01) between daily temperature
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difference (AT) and relative humidity difference was detected. In this study, abrupt temperature change was proven as a
significant risk factor in the development of colic during late spring and fall, in Northern Greece, requiring more vigilant
horse owners and equine practitioners. These results suggest that in the future it may be possible to modulate management

taking into consideration the current weather conditions, in order to prevent colic episodes.

Keywords: horse; colic; weather

IMEPIAHWYH. O xolMkog amotedel vo omd ta mo Kowvé mpoPAfpoTe Tov itmov oty KAk mpdén kor cuyvh artio
Bavdrtov, epocov dev avTipeToOnioTel £yKatpa. ‘Eyovv evoyomomBel katd kaipovg didpopot mapdyovieg mov oyetilovrol
He TNV EUOAVION TOV OT®G M JTPOPT, | NAKia, 1 KUK KOTAGTOOT TOV dOVTIDV, 0 EAMTNG OTOTAPAGITIGHOS Kol Ol
ouvinkec otofricpod. H perétn avth mepthappavet 245 mepiototikd KOMKOV G€ ITTOVG TG VPOTEPNG TEPLOXNG TG
®eccalovikng o aktiva 50 ythopétpav, ta €t 2010, 2011, 2012. Ta dedopéva TV Beplokpacidv mapaympnOnikay
a6 v EBvikn Meteoporoyikn Yanpeoio pe ™ popen 30pmv TEPLodIKOV LETPNOEMVY KOl 0popovcay To oTtafud g
Mikpac-Osocarovikne. AkoroOOnoe otatiotikn avéivon ya va dtepevvnbei n cuoyétion tov petafoldv Oeppokpaciog
Kot ELPAVIONG KOAKOD KOTA TNV ool eTAEYONKE 0 GUVTEAESTIG GLGYETIONG ThEems Spearman. Me Bdaon ta Stobéoipa
otolyela aviyyvevnke and pétplog evidoems £0G 1oxvpn BETIKN, CTATIOTIKA CUOVTIKY] GUGYETION HETOED UeTABOADY
BepLokpaciog Kot ELEAVIOTG KOAMKOD TOV {mmov yia Tovug punveg lavovdpto, Mdaptio, Iovvio, OktdBpro kot Noépuppro. Me
™ peAéTn avTt amodetkvoeTot 0Tt ot petaforég g Beppokpaciog anotelodv onpovtikd tpodiadétova mapdyovia 6TV
ELLPAVIOT] KOAKOV TOV {Tov. ¢ GOVIPOLO TOAVTOPOYOVTIKO, TEPIKAEIEL LEYOAO EDPOGC SVGKOALDY OGOV 0POPE TOV ELEYYO
TOV, OGTOGO, LLE TNV EQUPLLOYT KATAAANA®V SLOYEPLOTIKAOV HETPMOV KOL TNV EXAYPVTVNCT TOV 1O10KTNTAOV, 1O104TEPC TOVG

GUYKEKPLUEVOVG UNVES, LTOPOVV VO, TEPLOPLGTOVYV TOGO 1) GLYVOTNTO ELPAVIONG OGO KO 1] £VTIOOT] TOV CUUTTOUATOV.

Aéeig evpeTnpiacng: immog, KOMKOC, KAMUOTOAOYIKEG GUVONKES

Abbreviations study (Tinker et al., 1997b) that used 31 horse farms
AT daily temperature difference selected randomly from a compiled list of horse farms
ARH difference between daily maximum and mini ~ With greater than 20 horses in USA, reported an over-

mum relative humidity values
°C readings in Celsius

Correlation between equine colic and weather
changes

INTRODUCTION

olic, a broad term used to describe signs that indi-

cate abdominal pain, is one of the most common
causes of mortality and morbidity in equine practice
(Kaneene et al., 1997;Tinker et al., 1997a). The an-
nual national incidence of colic in a US horse popu-
lation was estimated to be 4.2 colic events/100 horses
per year (Traub-Dargatz et al., 2001). A prospective

all incidence density rate of 10.6 colic cases/100 horse
years, with an incidence density rate of 12.6 colic cas-
es/100 horse years. Colic is reported to be the single
most common cause of death in some horse popula-
tions, representing a mortality rate of 28% (Tinker et
al., 1997b). Although the magnitude of the problem
is greatly evaluated, relatively little is known about
factors that cause it.

Despite the substantial volume of research re-
ferring to the multifactorial nature of this syndrome
(Reeves, 1997), the exact etiology remains unknown.
Many causes of colic are cited but scientific evidence
to substantiate these theories is limited. According
to literature, a number of factors associated with in-
creased risk of colic have been proposed, including
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sex, age, breed, management, increasing exercise, trans-
port, feeding practices and parasite control (Cohen et al.,
1996;Cohen et al., 1999; Archer et al.,2006). The associ-
ation of colic with weather-related factors has been pro-
posed by some authors; however no statistical proof has
been reported to substantiate this theory (Cohen, 1997,
McCarthy et al., 2001; Gongalves et al., 2002).

The aim of this study was to evaluate the possible
correlation between relative humidity and tempera-
ture changes and equine colic in Thessaloniki, Greece
over the 3-year period from 2010 through 2012. In this
study, an approach has been made to develop the hy-
pothesis that weather change, expressed in a 24-hour
basis, may promote equine gastrointestinal disorders.

MATERIALS AND METHODS
Study population and data collection

The study population comprised by 823 horses sta-
bled in premises, covering up an area of 40 km around
Thessaloniki. A total of 245 horses were included in
this study, suffering from several types of colic be-
tween January 2010 and December 2012. More spe-
cifically, 13 stallions (5.3%), 132 geldings (53.9%)
and 100 mares (40.8%) were examined. The majority
of horses were Warmbloods followed by Greek, En-
glish Thoroughbreds, Thoroughbred cross, Arabians
and Quarter. Their age ranged from 3 to 22 years (me-
dian, 13 years). All the horses included in this study
were resident on the premises described above, in the
same location for the whole 3-year period. Because a

specific correlation between equine colic and weather
changes was investigated, the project was exclusively
based on individual colic cases.

Colic cases that met the inclusion criteria are
summarized in the following: enteritis, pelvic flexure
impaction, spasmodic colic, cecal/colonic tympany,
nephrosplenic entrapment, sand colic, large colon tor-
sion and inconclusive. In the current study, all horses
received anti-parasitic paste quarterly and faecal sam-
ples were collected regularly to determine the number
of eggs/sample.

Metereological Data

Weather data for the 3-year study period, includ-
ing temperature (°C, readings in Celsius) and relative
humidity (%) were obtained as 3-hour periodic mea-
surements by the Hellenic National Metereological
Service from the meteorological station of Micra.
Statistical Analysis

Spearman correlation coefficients (Riegelman
et al., 1989) were used to assess the relationship be-
tween temperature changes, relative humidity chang-
es and equine colic. Pearson’s coefficient correlation
was used to test the possible correlation between tem-
perature changes and relative humidity changes. For
this purpose, the difference between daily maximum
and minimum temperature values (AT) and the differ-
ence between daily maximum and minimum relative
humidity values (ARH) were calculated. The mean
monthly values for temperature and relative humidity

¥ Seriesl, May, 18

Total=84
" Seriesl, Nov, 14
| Graph 1. Number of colic
—SehreskBeerd  ages per month in Year
2010

JHELLENIC VET MED SOC 2017, 68(3)
TIEKE 2017, 68(3)



458

DIAKAKIS N., TYRNENOPOULOU P.

Table 1. N*=Total number of cases

Diagnosis N* P(%)
Enteritis 16 6,5%
Impaction 86 35.1%
Spasmodic

colic 107 43 7%
Cecal/colonic

tympany 19 7,8%
Nephrosplenic

entrapment 2 0.8%
Sand colic 2 0.8%
Large colon

torsion 10 4.1%
Inconclusive 3 1,2%

were also determined. For all analyses, a value of p
<0.05 was considered significant. All statistical anal-
yses were performed using Statistical Package for the
Social Sciences, SPSS Statistics 15.02.

RESULTS

The number of colic cases per month for the years
2010, 2011, 2012, as well as the overall number of
colic cases in the 3-year period is listed in Graphs
1,2,3,4. There were an increased number of colic cas-
es during some months of spring and autumn.

For descriptive purposes mean monthly values of
temperature were also calculated. A schematic repre-
sentation of colic episodes in relation to mean month-
ly value temperatures is shown in Graph 5.

Spasmodic colic was the most common case diag-

nosis, making up 43.67% of the total cases. The sec-
ond most common type was pelvic flexure impaction,
making up 35.10% of colic cases (Table 1). More-
over, development of spasmodic colic was also asso-
ciated to temperature change during the years 2011
(p<0.006) and 2012 (p<0.005).

The incidence of colic cases in relation to tem-
perature fluctuations are illustrated on Graphs 6-8.
A narrow 3 or 4 month period, including March, was
elected to be presented, during which a strong cor-
relation between temperature change and colic in the
3-year period study was detected.

Overall, based on the available data, there seemed
to be a positive correlation between temperature
change and equine colic. Specifically, a strong posi-
tive correlation was found in March for the years 2010
(rho=0.451, p<0.05) and 2011 (rho=0.551, p<0.01),
while a moderate correlation was shown in March
2012 (rho=0.383, p<0.05). Furthermore, temperature
change was significantly correlated with colic in April
(tho=0.566, p< 0.01), June (tho=0.387, p<0.01), Oc-
tober (rho=0.462, p<0.01) and November (rho=0.499,
p<0.01) of the third year. Finally, change in tempera-
ture values was moderately correlated with acute ab-
dominal pain in November 2010 (rtho=0.263, p<0.05),
November 2011 (rho=0.296, p<0.01) and December
2011(rho=0.343). No correlation between changes in
relative humidity values and colic was shown.

Over the 3-year period a significant negative cor-
relation between relative humidity and temperature, for
temperatures>10°C (rho=-0.568, p<0.01) was found
(Fig. 1). Moreover, there was a strong positive cor-
relation (rho=0.650, p<0.01) between daily tempera-
ture difference (AT) and relative humidity difference
(ARH) (Fig. 2). Pearson’s coefficient correlation, also
used to test the possible correlation between tempera-
ture changes and relative humidity changes, revealed
a strong positive correlation (r=0.662 p<0.001).

DISCUSSION

Colic is the most devastating disease in a horse
population and one of the most frequent problems en-
countered by equine practitioners. This study investi-
gated the association between meteorological chang-
es (temperature, relative humidity) and equine colic
episodes. Most veterinarians and horse owners tend
to relate colic to weather changes; however, some
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Graph 2. Number of colic cases per month inYear 2011
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previous studies have been unable to find statistical
proof of increased risk (White et al., 2005). A two-
year prospective study in UK revealed no significant
association between monthly rainfall, temperature
and any type of colic (Proudman, 1992). Still, in the
same study, an increased incidence of colic during the
months of spring and autumn was detected.

Colic, as a term, comprises a series of conditions
recognized to result in abdominal distress. Although
details of the intestinal pathophysiology which results
in equine colic are not known, common inflamma-
tory responses are evident in all types of colic. It is
commonly accepted that exposure to low tempera-
ture provokes physiological responses related to the
anti-oxidation system, neuroendocrine system and
immune system (Onderci et al., 2003;Hekmreich et
al., 2005; Hangalapura et al., 2006). A comparative
study between healthy horses and horses with colic
detected significant association between inflammato-
ry gene expression in leukocytes in the group of sick
horses. More specifically, significant differences in
expression of some types of interleukin, matrix metal-
loproteinases and tumor necrosis factor-A genes were
found (Lopes et al., 2010). Therefore, in the present
study equine colic and its association with weather

change, was studied by reference in its entirety.

A seasonal pattern of colic incidence has been
supported by a number of reports. A cohort study
investigating risk factors for colic in 2060 horses re-
vealed that change in weather during the 3-day period
before examination multiplied the risk of colic by 3.2
(Cohen et al., 1999). In a study by Traub-Dargatz et
al. (2001), conducted in 1-year period, a higher per-
centage of colic episodes were reported on spring
compared to summer or autumn. In another study Tin-
ker et al. (1997a) reported highest incidence density
of colic cases in December, March and August of the
study year. This seasonal pattern of colic incidence
was also reported in Thoroughbred horses in the Brit-
ish Isles (Hillyer et al., 2001).

In the present study temperature and relative hu-
midity changes in a 24-hour basis were taken as weather
parameters possibly associated with colic. Compared
to other studies (Tinker et al., 1997a; Tinker et al.,
1997b; Cohen et al., 1999), investigating cold weather
as direct exposure related to colic, the current study
proved an association between temperature changes
and incidence of colic, covering a 3-year database
of veterinary practitioners including the majority of

JHELLENIC VET MED SOC 2017, 68(3)
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equine population in the region of Thessaloniki. The
current work hopes to augment the existing literature
supporting the high incidence of colic during specific
months, through a different basis; the daily difference
between maximum and minimum temperature (AT)
values, as well as the daily difference between max-
imum and minimum relative humidity (ARH) values
were collected as weather-related factors for possible
correlation with development of colic.

Based on the current results an association between

temperature changes and colic has been reported, espe-
cially in spring and late autumn, seasons characterized
by abrupt and frequent weather fluctuations in North-
ern Greece. In this study, apart from the fact that a
correlation between colic and temperature change was
statistically proven, there was also a trend towards a
higher incidence of horses with colic in spring. Graphs
6-8 represent colic cases as responses to temperature
fluctuations. Hence, a 3-4 month period was chosen,
including month of March, during which a strong cor-
relation between temperature change and colic in the
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3-year period study was detected. As shown in Graphs
6-8, abrupt temperature change is followed by an in-
creased number of colic incidence a few days later.

There is certain association between weather-re-
lated stress and the antioxidant defense system in both
human and animal models. It has been indicated that
exposure to temperature stress can cause changes in
the gastrointestinal micro flora, thus, inducing distur-
bances in the structure and function of the intestinal
tract (Moro et al., 1998;Oliver et al., 2012). Addition-
ally, inflammation and epithelial cell proliferation was
reported in the intestine of rats, through a synergistic
action of neutrophils, mast cells and nitric oxide (Kau-
shik et al., 2005). It has also been reported that expo-
sure to low temperature increased change in inducible
nitric oxide synthase (iNOS), which was related to the
intestinal damage process in broilers (Zhang et al.,
2011) and enhanced IL-2 cytokine levels in human
models (Jansky et al., 1996). Another study investi-
gating the effect of cold stress in mice (4°C/4h dai-
ly for 7 days) highlighted the role of macrophages in
immunosuppression (Sesti-Costa et al., 2012). Addi-
tionally, a recent study revealed that acute and chronic
cold stress caused intestinal oxidative stress, through

nuclear factors and tumor necrosis factors, associated
with breakdown of intestinal homeostasis (Fu et al.,
2013). These results expand previous reports referring
to the effect of cold stress in glutathione peroxidase
metabolism, indicating its possible immune-regulato-
ry impact in visceral organs (Carr et al., 1992;Siems
et al., 1994). All these studies, exemplified above, in-
dicate that weather-related stress influenced the func-
tion of intestinal tract of human and animal models.

Based on the results of this report, development of
colic is positively correlated with temperature change.
As far as humidity is concerned, no correlation be-
tween changes in relative humidity and equine colic
was detected. The strong negative correlation between
daily temperature (T) and relative humidity (RH), for
temperatures for temperatures>10°C, calculated for
descriptive purposes, can further support that fact. Al-
though relative humidity is considered to have an im-
portant impact in immune barrier (Elias, 2007) public
health issues, facilitating disease transmission (Lowen
et al., 2007), there is no reported evidence to support
its possible role as a single factor in the development
of colic in human or animals (Al-Hadramy, 1997;Den-
nler et al., 2005).The failure to demonstrate the possi-

Graph 5. Number of colic cases per month (Responses) in correspondence to mean monthly temperature (Mean T)
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ble correlation between relative humidity and biologi-
cal responses referred to other species is also reported
(Al-Hadramy et al., 1997;Dennler et al., 2005) inten-
sifying the need for an alternative approach. Taking
into consideration the close relationship between rela-
tive humidity and temperature, also underlined in this
study, other reports investigated these two climatic
variables, combined as input, examining heat stress in
Mediterranean dairy sheep (Finocchiaro et al., 2005).

In this report, two closely related climatic vari-
ables, relative humidity and temperature, and their
possible impact on equine colic, were investigated. A
high incidence of colic episodes was detected, espe-
cially during the months of spring and autumn. Ac-
cording to previous studies, various meteorological
factors have been suspected to contribute to several
clinical manifestations in human and animal models.
Association between weather and pain among indi-
viduals with osteoarthritis (Wolder et al., 2003) and
rheumatoid arthritis (Strusberg et al., 2002) has been
evaluated. Moreover, a correlation has been detected
between changes in barometric pressure and the onset
of labor (King et al., 1997) and sudden infant death
syndrome (Cambell et al., 2001). A retrospective
study conducted in military working dogs in Texas re-

vealed that an increased risk of gastric dilatation-vol-
vulus was associated with the occurrence of abrupt
hourly drops in temperature and of higher minimum
barometric pressure in that day and the day before the
occurrence (Moore et al., 2008). Experimental animal
behavioral studies carried out in male rats demonstrat-
ed a consistent association between changes in weath-
er related factors and pain intensity (Sato, 2003).

It is important to bear in mind, however, the mul-
tifactorial nature of this syndrome. While colic is con-
sidered to affect horses of any breed, several studies
suggest an increased incidence of disease in certain
breeds, such as Thoroughbred horses (Traub-Dargatz
et al., 1999) and Arabians (Cohen et al., 1996). Never-
theless, marked attention should be paid to the similar-
ity of the sample to population, as some breeds might
be overrepresented. Young horses are more prone to
ileocecal intussuseptions, while middle-aged horses
are at higher risk than older horses (Proudman, 1992).
Among the aforementioned intrinsic factors, gender is
considered to be included for conditions such as ingui-
nal hernia in stallions and peripartum colic in mares.

Specific types of colic are presented with higher
incidence in some geographic regions; enteroliths are

Graph 6. Year 2010: Colic cases- Responses to temperature fluctuations. AT is the difference between daily maximum and minimum

temperature values
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Graph 7. Year 2011: Colic cases- Responses to temperature fluctuations. AT is the difference between daily maximum and minimum
temperature values
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Graph 8. Year 2012: Colic cases- Responses to temperature fluctuations. AT is the difference between daily maximum and minimum
temperature values
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more frequently observed in horses in California, the
Midwest, and Florida (White, 1990), grass sickness is
diagnosed in Europe (McCarthy et al., 2001;Protopap-
pas et al., 2012), while sand colic impactions are re-
ported in horses that graze on sandy soils or are forced
to eat off ground. Furthermore, dietary management
consisting large amount of grain (White, 2006) and
transport are thought to be associated with increased
risk of colic (Hillyer et al., 2002). It has been proposed
that cold weather was linked to increased incidence of
impaction colic, possibly because of decreased water
intake, although when examined as a direct exposure
factor in a Virginia-Maryland study, weather did not
appear a correlation (Tinker et al., 1997a).

Spasmodic colic was the most commonly report-
ed type of colic in this study, supporting previous re-
ports of Foreman and White (1986). It is worth men-
tioning, though, that development of spasmodic colic
was also statistically associated to temperature change
during the last two years of survey, extrapolating oth-
er reports that investigated risk factors for this specific
type of colic (Proudman et al., 1998). Bearing in mind
that horses in this study were parasite - free, it can
be postulated that stress, weather related or other, was
the main cause of this type of colic.

Although this study has statistically proven a cor-
relation between equine colic and weather change, it
comes with certain limitations. In the current study,
two variables, temperature and relative humidity
change were chosen as weather-related factors possi-
bly associated with equine colic in a specific regional
area of Northern Greece; a seasonal incidence was de-
tected while abrupt change in temperature values has
proved to be a significant risk factor. Despite the lack
of a multivariate analysis, the sizeable equine popula-
tion (823 horses) provided reliable results regarding
the association between meteorological changes and
colic in a specific geographic location in Greece.

CONCLUSIONS

Along with the aforementioned colic-related fac-
tors, the results of this study may be counted in so
as to promote adequate preventative methods and
more vigilant horse owners, especially when abrupt
temperature changes are expected. Understanding
the incidence, as well as the economic role of colic,
these data suggest that in the future it may be possi-
ble to modulate management factors and monitoring,
depending on the predictable weather conditions in
order to avoid, as much as possible, the occurrence
of colic. Horse owners should be made aware of the
significance of weather change as a considerable risk
factor, and therefore, should be advised of measures
that may be implemented. Further research may be re-
quired to pathophysiologically define the role of tem-
perature changes as causing factor of equine colic.
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Figure 1. Graph showing correlation between relative humidity
(RH) and temperature (T) for the 3-year period. The red best
fitted line was plotted by means of the Loess smoothing method.
(Jacoby, 2000)

Figure 2. Graph showing correlation between daily relative
humidity difference (ARH) and temperature difference (AT) for
the 3-year period
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