The Effect of Ingredients in Dry Dog
Foods on the Risk of Gastric
Dilatation-Volvulus in Dogs

Using dry dog food label information, the hypothesis was tested that the risk of gastric dilata-
tion-volvulus (GDV) increases with an increasing number of soy and cereal ingredients and a
decreasing number of animal-protein ingredients among the first four ingredients. A nested
case-control study was conducted with 85 GDV cases and 194 controls consuming a single
brand and variety of dry food. Neither an increasing number of animal-protein ingredients
(P=0.79) nor an increasing number of soy and cereal ingredients (P=0.83) among the first
four ingredients significantly influenced GDV risk. An unexpected finding was that dry foods
containing an oil or fat ingredient (e.g., sunflower oil, animal fat) among the first four ingredi-
ents were associated with a significant (P=0.01), 2.4-fold increased risk of GDV. These find-
ings suggest that the feeding of dry dog foods that list oils or fats among the first four label
ingredients predispose a high-risk dog to GDV. J Am Anim Hosp Assoc 2006;42:28-36.
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I ntroduction

Gastric dilatation-volvulus (GDV) in dogs is characterized by rapid accu-
mulation of air in the stomach, malposition of the stomach, increased
intragastric pressure, and often hypovolemic shock.! Host risk factors for
GDV includeincreasing age, large-breed size, a deep and narrow anatom-
ic thorax, a family history of GDV, a nervous temperament, and a faster
speed of eating.14 Among management factors, feeding from a raised
food bowl, feeding once daily, and feeding a large volume of food per
meal have been associated with an increased risk of GDV.24-6
Moistening of dry food prior to feeding increased the risk for GDV in
large-breed dogs but not in giant-breed dogs.2

In 1974, Van Kruiningen et al. suggested there was an association
between consumption of commercial dry dog foods and acute gastric
dilatation.” Despite a shortage of scientific studies evaluating the role of
dry food in GDV, published advice to prevent afirst episode of GDV has
often included avoidance of exclusively dry, expanded, cereal-based and
soy protein-based commercial dog foods.”9 Burrows et al. reported that
gastric motility and emptying in healthy, large-breed dogs were not
affected by consumption of a cereal-based food.10 However, the type of
cereal and the proportion by weight or volume of the cereal in the food
was not reported.10 Articles in specialty dog magazines and scientific
journals continue to caution the feeding of soy- and cereal-based com-
mercial dry dog foods, and the question of an association between these
ingredients and GDV risk continues to be raised.11.12

In addition, an epidemiological study found that Irish setters consum-
ing asingle food type were three times more likely to develop GDV than
were |rish setters fed a mixture of food types.> This report was consistent
with findings that the addition of table foods or canned foods to the pre-
dominantly dry food diet of large- and giant-breed dogs was associated
with a 59% and 28% decreased risk of GDV, respectively.4 Increasing
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energy intake from carbohydrates was not associated with a
higher GDV risk.6 Increased particle size of food was, how-
ever, associated with a significantly decreased risk of GDV
in Great Danes.13

Detailed dietary information was collected as part of a5-
year prospective study of GDV in large- and giant-breed
dogs that were thought to be at an increased lifetime risk of
GDV.2:6:14 For 89% of the dogs in that study, >75.0% of the
metabolizable energy (ME) in the daily diet was derived
from dry dog food.6 Fifty percent of the dogs in the study
derived 296.5% of their ME from dry dog food.6 The homo-
geneity of this study population with respect to the type
(i.e., dry dog food) and amount of foods consumed provid-
ed an opportunity to evaluate the first four label ingredients
in dry foods for a possible association with GDV risk. The
first four label ingredients were of plant or animal origin
and typically contributed to the protein, fat, or carbohydrate
content of the food. Ingredients were listed in descending
order by weight.15> Therefore, the listing of an ingredient
(e.g., soy) among the first four label ingredients was con-
sidered an indicator of the increased amount by weight of
that ingredient in the food. Conversely, the absence of an
ingredient among the first four label ingredients was con-
sidered an indicator of the decreased amount by weight of
that ingredient in the food. The cut-off point of four ingre-
dients was decided based on the need to balance accuracy,
ease, and convenience in data collection with the need to
collect data that would be meaningful and informative.

While a previous study analyzed the percent of ME from
carbohydrates, protein, or fat for an association with GDV
risk, the origin of these nutrients in the dog’s diet was not
studied.b Therefore, the purpose of this study was to identi-
fy any association between the type of ingredients among
the first four label ingredients (e.g., whether of meat-based
protein or soy-based protein) and the risk of GDV in dogs.
The specific hypothesis tested was that the risk of GDV
increases with the increasing number of plant-protein ingre-
dients such as soy, wheat, rice, and corn, and with the
decreasing number of animal-protein ingredients, among
the first four label ingredients. An additional purpose of this
paper was to determine if there was any association between
dry food manufacturing technology and the risk of GDV.

Materials and Methods
Sudy Design
Dogsin this nested case-control study belonged to a defined
cohort that was recruited between June 1994 and March
1997 (start of study) at 27 national and specialty dog shows
in the United States and followed until December 2000 (end
of study). Detailed methods have been previously pub-
lished.26.14 The cohort was represented by 11 breeds
thought to be at elevated risk of GDV (i.e., Akita, blood-
hound, collie, Great Dane, Irish setter, Irish wolfhound,
Newfoundland, rottweiler, Saint Bernard, standard poodle,
and Weimaraner).1

Immediately after recruitment, owners completed a
detailed, eight-page questionnaire. A section of the ques

tionnaire focused on the dog's diet, including brand and
variety of commercia dry dog foods fed on a daily or week-
ly basis.26:14 Owners recorded the guaranteed analysis and
first four ingredients printed on food labels, or they submitted
the food labels with the completed questionnaire. At periodic
1-year intervals, owners provided information on their dog's
vital status (i.e., whether alive or dead) and whether their dog
had developed GDV at any time since the last contact. The
date and cause of death and date of GDV occurrence, if appli-
cable, were requested. No effort was made to determine the
onset of other diseases during the study period.

Cases and Controls

Dogs that developed GDV by the end of the study in
December 2000 were defined as cases. Details of selection
of controls have been published previously.6 Participationin
the present study was restricted to cases and controls that
consumed a single brand and variety of commercial dry dog
food.

Dry Food Ingredients

All dry foods evaluated in this study contained at least one
ingredient of plant origin and one ingredient of animal ori-
gin among the first four label ingredients. Dry foods were
therefore grouped by the numbers (i.e, 1, 2, or 3) of ingre-
dients of plant and animal origin among the first four label
ingredients. The foods were then grouped by the numbers
(i.e., 1, 2, or 3) of animal-protein ingredients (e.g., meat,
poultry, by-products, by-product meal) and plant-protein
ingredients listed among the first four label ingredients.
Ingredients of plant origin that could potentialy provide
some amount of protein in the diet were considered plant-
protein ingredients.16 These included soy-based and all
cereal-based ingredients and did not include ingredients
such as beet pulp, potato, and peanut hulls. All dry foods
evaluated in the study contained at least one plant protein
and one animal protein among the first four label ingredi-
ents. Ingredients contributing only fat content to the fina
formulation (e.g., animal fat, canola oil) were not included
in the grouping by origin of protein ingredients.

Dry foods were also classified by the presence of indi-
vidual types of plant ingredients such as soy, corn, wheat,
rice, barley, etc., and by the number of times(i.e,, 0, 1, 2, or
3) they were listed in different forms. No attempt was made
to distinguish between the different forms of an ingredient
type; in other words, forms used primarily as a source of
protein (e.g., corn gluten meal) were not differentiated from
forms used primarily as a source of carbohydrates (e.g.,
ground corn) or fiber (e.g., corn bran).1? Similarly, foods
were also classified as those containing meat-based, poul-
try-based, rendered (i.e., dry proteins such as meat meal,
poultry by-product meal), or nonrendered (i.e., wet proteins
such as lamb meat, poultry by-products) animal-protein
ingredients.1’ No further attempt was made to distinguish
animal-protein ingredients by their protein or ash content.
Apart from protein, the only other energy nutrient that could
potentially be derived from either plant or animal source
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would be fat. Therefore, fat ingredients such as canola ail,
beef tallow, and animal fat were also categorized as being of
plant or animal origin.

An example of theingredient classification is as follows:
if the food label indicated ground corn, wheat gluten meal,
corn bran, and animal fat as the first four label ingredients,
then the food was classified as containing one ingredient of
animal origin; three ingredients of plant origin; no animal-
protein ingredient; three cereal ingredients; two corn-based
ingredients; one wheat-based ingredient; no soy- or rice-
based ingredient; and one fat ingredient of animal origin.

Methods used to calculate proportion of ME from differ-
ent food types and from the different energy nutrients have
been published previously.6

Data Analysis

Data were entered using epidemiological software? and ana-
lyzed using SAS System for Windows.P Ingredient profiles
were compared between cases and controls using chi-square,
independent samples t-test (for normal distributions), and
Mann-Whitney test (for nonnorma distributions). Each
potential risk factor for GDV was examined using uncondi-
tional logistic regression analysis.¢:18 The measure of asso-
ciation between GDV and each putative risk factor was
expressed as the odds ratio (OR) and 95% confidence inter-
val (ClI). An OR >1.0 indicated an increased risk of GDV,
and an OR <1.0 indicated a decreased risk of GDV associat-
ed with the factor, compared with the reference group (refer-
ence OR=1.0). A test for alinear trend in the OR (either an
increase or decrease in GDV risk) associated with increasing
levels of arisk factor was also calculated.2 A multivariate
logistic regression model was developed using ingredient-
related risk factors satisfying a screening criterion with a P
vaue <0.10 in univariate analyses. The multivariate ORs
were also adjusted for known host risk factors for GDV, such
as age, breed size, family history of GDV, and body condi-
tion. Risk factors for GDV in the fina model were consid-
ered significant at a P value <0.05. The fit of the final model
was evaluated by regression diagnostics.19

Results

Of 1634 dogs with information available on vita status and
diet in the prospective study, 106 dogs that developed GDV
were potential cases, and 212 dogs without GDV were
potential controls.® Of these, only 85 dogs with GDV
(cases) and 194 dogs without GDV (controls) consumed a
single brand and variety of commercial dry dog food and
were eligible for inclusion in this report as the study popu-
lation. Reasons for excluding 38 dogs from the present
report were as follows: diet did not include any dry com-
mercial dog food (1 control dog); dry food information was
incomplete (1 control dog); and two or more brands or vari-
eties of dry dog food were consumed (21 case dogs, 16 con-
trol dogs). Eighty-five (100%) case dogs and 185 (95.4%)
control dogs were fed extruded dry foods, while the remain-
ing nine (4.6%) control dogs were fed pelleted or baked dry
foods (P=0.06).

The mean + standard deviation (SD) ages for cases and
controls were 6.1+2.8 and 5.4+2.5 years, respectively
(P=0.04). Thirty-four percent of the case dogs had died by
the end of the study period compared with only 8.8% of the
control dogs (P<0.0001). Case and control dogs were not
significantly different with respect to gender, height, and
weight.

The primary food type (i.e., the food type contributing
>50% of thetotal dietary ME) was determined to be dry dog
food for all 279 dogs in this study. The medians (ranges) in
ME derived from dry food for case and control dogs were
95.0% (59.5% to 100.0%) and 97.1% (51.0% to 100.0%),
respectively (P=0.64).

Effects of Ingredients

All dry foods evaluated contained at |east one ingredient of
plant origin and one ingredient of animal origin among the
first four ingredients listed. Increasing numbers of ingredi-
ents of animal origin among the first four label ingredients
(regardless of the major nutrient they contributed to the final
formulation), and vice versa, decreasing numbers of ingre-
dients of plant origin, were not associated with the risk of
GDV (P vaue for trend=0.92).

All dry foods contained at least one soy- or cereal-based
ingredient and one animal-protein ingredient among the
first four ingredients listed. With respect to type of plant
ingredients, corn-based ingredients were the most common.
At least one corn-based ingredient (such as corn meal, corn
gluten meal, ground yellow corn, ground corn grits, corn
bran, and kibbled corn) was present among the first four
label ingredientsin dry foods consumed by 67% of the dogs
in the study. Rice-based ingredients and wheat-based ingre-
dients were present among the first four ingredients in 63%
and 39% of dry foods, respectively. Soy-based ingredients
were relatively less common. Only about 7% of the dry
foodsin this study had at |east one soy-based ingredient list-
ed among the first four ingredients. Dry foods fed to cases
and controls did not differ significantly with respect to the
presence of individual types of plant-protein ingredients
such as corn (P=0.16), soy (P=0.69), wheat (P=0.61), rice
(P=0.25), barley (P=0.28), sorghum (P=0.35), oatmeal
(P=0.17), and millet (P=0.35) among the first four ingredi-
ents [Table 1]. Dry foods fed to cases and controls also did
not differ significantly with respect to the presence of ani-
mal-protein ingredients that were rendered (P=0.15), non-
rendered (P=0.69), poultry based (P=0.59), or meat based
(P=0.72) among the first four ingredients.

Ninety-three (33.3%) dry foods contained a fat ingredi-
ent among the first four ingredients. Two (0.7%) dry foods
contained an oil, 92 (33%) contained fats of animal origin,
and one (0.4%) contained both an oil and an animal fat
among thefirst four label ingredients. The presence of an ail
or fat among the first four ingredients was differentially dis-
tributed between the case and control groups. Significantly
more cases (44.7%) than controls (28.4%) were fed a dry
food that contained an oil or fat ingredient among the first
four label ingredients (P=0.008). Specifically, significantly
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Table 1

Type and Frequency of the First Four Label Ingredients in Dry Dog Foods Consumed by
Gastric Dilatation-Volvulus Cases and Control Dogs

Cases Controls
No. of No. of
Plant-Origin Ingredients Dogs % Dogs %
Protein, carbohydrate, and fiber sources” 85 100.0 194 100.0
Corn 62 72.9 125 64.4
Rice 49 57.6 126 64.9
Wheat 31 36.5 77 39.7
Barley 10 11.8 15 7.7
Soy 5 5.9 14 7.2
Sorghum 4 4.7 5 2.6
Oatmeal 2 2.4 1 0.5
Beet pulp 2 2.4 3 15
Millet 1 1.2 6 3.1
Brewer’s yeast 1 1.2 1 0.5
Potato 1 1.2 1 0.5
Peanut hulls 0 0.0 1 0.5
Qils and fats 2 2.4 0 0.0
Canola oilt 1 1.2 0 0.0
Sunflower oil 1 1.2 0 0.0
Animal-Origin Ingredients
Rendered 70 82.4 172 88.7
Nonrendered 23 27.1 57 29.4
Protein and fat sources 85 100.0 194 100.0
Poultry 49 57.6 105 54.1
Poultry by-product meal 23 27.1 67 34.5
Poultry meat 19 22.4 43 22.2
Poultry meal 12 14.1 22 11.3
Poultry by-products 4 4.7 14 7.2
Mammalian 37 43.5 89 45.9
Meat meal 22 25.9 67 345
Meat and bone meal 15 17.6 23 11.9
Meat 2 2.4 9 4.6
Fish/fish meal 1 1.2 4 2.1
Egg 0 0.0 1 0.5

(Continued on next page)
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Table 1 (cont’d)

Type and Frequency of the First Four Label Ingredients in Dry Dog Foods Consumed by
Gastric Dilatation-Volvulus Cases and Control Dogs

Cases Controls
No. of No. of
Animal-Origin Ingredients (cont’d) Dogs % Dogs %
Oils and fats* 37 43.5 55 28.4
Animal fat (unspecified)8 19 22.4 28 14.4
Poultry fat’ 11 12.9 25 12.9
Beef tallow 5] 5.9 1 0.5
Lamb fat 2 2.4 1 0.5

includes rice flour, rice bran, ground brown rice, etc.

¥ Differential distribution between cases and controls (P=0.01)
8 Differential distribution between cases and controls (P=0.04)

* . . .
Includes different forms of cereals. For example, corn includes corn gluten meal, corn bran, ground yellow corn, etc. Rice

T one case dog consumed a dry food that listed both canola oil and poultry fat among the first four label ingredients.

more cases (43.5%) than controls (28.4%) were fed a dry
food containing a fat of animal origin (P=0.01).

Foods with oils or fats among the first four label ingredi-
ents were found to differ significantly from foods without
such ingredients among the first four, with respect to the
percent of ME derived from fat (mean £ SD, 33.6%+8.3%
and 31.2%+6.4%, respectively; P=0.02); the medians
(ranges) for the two groups were 36.6% (20.4% to 55.0%)
and 31.8% (15.4% to 46.1%), respectively. Among foods
that contained an oil or fat ingredient among the first four
label ingredients, 49.4% had fat rather than carbohydrates as
their primary energy nutrient (i.e., the nutrient providing the
highest percent of ME in the dog’s dry food diet). In con-
trast, among foods not containing an oil or fat ingredient
among the first four ingredients, only 15.2% had fat as the
primary energy nutrient (P<0.0001).

Risk of GDV was not significantly (P=0.57) increased by
a higher number of soy- and cereal-based ingredients
among the first four ingredients in dry foods. Risk of GDV
was significantly (P=0.03) decreased by a higher number of
animal-protein ingredients among the first four label ingre-
dients [Table 2]. Presence of oils and fats among the first
four label ingredients was significantly associated with an
increased GDV risk (P=0.008). Compared with foods con-
taining no corn (reference OR=1.0), the presence of one
corn-based ingredient (OR=1.42; P=0.24) or two corn-
based ingredients (OR=1.94; P=0.15) among the first four
label ingredients increased the risk of GDV, but this trend of
increased risk was not significant (P for trend=0.11). Risk

of GDV was not increased with an increasing number of
soy-, wheat-, or rice-based ingredients.

Potential risk factors associated with GDV in univari-
ate analyses at P<0.10 were included in multivariate
logistic regression analysis [Table 3]. Although the
increasing number of plant-protein ingredients did not
satisfy the criterion for entry into the multivariate model,
the factor was forced in the analysis because of its recip-
rocal relationship with the number of animal ingredients.
Neither a higher number (i.e., >1 versus 1) of animal-pro-
tein ingredients nor a higher number (i.e., >1 versus 1) of
plant-protein ingredients among the first four ingredients
was significantly associated with the risk of GDV.
However, the presence of an ail or fat among the first four
ingredients was associated with a 2.4-fold increased risk
of GDV (P=0.01). The fit of the multivariate model was
found to be acceptable.1®

Discussion

It has been suggested that feeding dry, cereal-based com-
mercial dog food is causally related to GDV in large- and
giant-breed dogs.”9 In a previous epidemiological study, no
association was found between GDV risk and the percent-
age of ME in the diet from dry dog food.6 However, this
may have resulted from the low statistical power of that
study to detect such an association.® The purposes of the
present study, therefore, were to identify any association
between the predominance of soy- and cereal-based ingre-
dients in dry foods and the risk of GDV in dogs, and to
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Table 3

Multivariate Analysis of Ingredient-Related Risk Factors for
Gastric Dilatation-Volvulus (GDV) in Dogs

Adjusted 95% Confidence
Risk Factors Odds Ratiof Interval P Value
No. of animal-protein ingredients” (>1 vs 1) 0.89 0.38, 2.10 0.79
No. of plant-protein ingredients” (>1 vs 1) 1.19 0.26, 5.37 0.83
Presence of oils or fats* (yes vs no) 2.36 1.22, 4.58 0.01

* Among the first four label ingredients

T Adjusted for the other two factors and also for age, breed size, body condition, and family history of GDV

determine any association between GDV risk and the
method of manufacture of dry food.

The widespread practice of extruding dry dog food began
in 1957.17 An epidemic of GDV in dogs was reported in the
United States from 1965 to 1995.20 Extrusion is currently
the most common processing method used to produce dry
dog foods; high temperature and short time are used to fully
cook and shape dry kibbles.17 In the study reported here, all
case dogs and all but nine control dogs consumed dry foods
that were extruded.

Dry foods that contain soy- or cereal-based proteins have
been implicated in the etiology of GDV.79 In the present
study, the total number of plant-protein ingredients among
the first four ingredients and the presence of individual
types of plant ingredients were not associated with an
increased risk of GDV. An increasing trend in the risk for
GDV was observed with an increasing number of corn-
based ingredients; however, this trend was not significant in
univariate analysis. In contrast, the risks of GDV were
decreased (OR <1.0) with an increasing number of soy-,
wheat-, and rice-based ingredients.

A linear decrease in the total number of plant-protein
ingredients did not directly trandateinto alinear increasein
the total number of animal-protein ingredients, mainly
because of the presence of oils and fats among the first four
ingredients. Initialy, a significant reduction in the risk of
GDV was expected with an increasing total number of ani-
mal-protein ingredients and a decreasing total number of
plant-protein ingredients. Such associations, after adjust-
ment for other factors in the multivariate model, were not
statistically significant. However, plant-protein and animal-
protein ingredients contain nonprotein substances such as
fiber, carbohydrates, and fat that were not accounted for in
the data analysis. By classifying plant ingredients based on
the type of ingredient and not by form, the present study did

not make any distinctions with regard to the major nutrient
contribution of the soy- and cereal-based ingredients to the
final formulation. Also, no distinctions were made with
respect to potential differencesin ingredient quality.

An unexpected finding in the current study was the signif-
icantly increased risk of GDV associated with the presence of
an added ail or fat ingredient among the first four label ingre-
dients. The foods listing oils or fats among the first four label
ingredients were found to provide a significantly higher pro-
portion of ME from fat compared with foods not listing oils
or fats among the first four label ingredients. In a previous
study, no significant differences were reported between the
percent ME derived from fat in dogsthat developed GDV ver-
sus dogs that did not develop GDV.6 However, in that study,
energy nutrient distribution provided by commercial pet food
manufacturers was determined from guaranteed analysis for
about 60% of dog foods and not from “as fed” nutrient infor-
mation.6:16.21 The guaranteed analysis provides the minimum
percent of crude protein and fat and the maximum percent of
moisture and crude fiber in the food. These values, reported
on the label by pet food manufacturers, are on an “asis’ or
“as fed” basis.?! The “as fed” values are determined by the
manufacturer after analyzing thefinal food product in the lab-
oratory and applying some standardized calculations.?! Use
of guaranteed analysis to calculate energy nutrient distribu-
tion tends to underestimate the ME derived from fat and may
partly explain the differencein findings between the two stud-
ies. In the present study, 90 (32.3%) dogs were fed dry foods
for which “as fed” vaues were available. Among these 90
dogs, therisk of GDV associated with fat asthe primary ener-
gy nutrient (rather than carbohydrates) wasincreased by 96%
(P=0.14). In contrast, GDV risk associated with fat as the pri-
mary energy nutrient in all dogs was increased by only 15%
(P=0.64) after adjustment for the method of calculation of
macronutrient distribution.
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Gastric emptying is known to be partially affected by the
macronutrient composition of food.22 Carbohydrates and
protein are emptied faster from the stomach than fat.23 Fat
slows gastric emptying into the duodenum.2223 A delay in
gastric emptying of liquids following surgical treatment for
and recovery from GDV has been documented in some
dogs.24 The gastric emptying rate, following a circumcostal
gastropexy, was significantly increased in dogs recovered
from GDV compared to healthy dogs.23 It has been sug-
gested that delayed gastric emptying may cause chronic
gastric distention and could consequently stretch the
hepatogastric ligament, allowing partial or complete volvu-
lus of the stomach.23 Dietary management to increase the
gastric emptying rate includes the feeding of foods with a
liquid consistency, a high carbohydrate content, or <15%
dry-matter fat.23.25 Delayed gastric emptying aggravated by
added fats in the diet may, over time, predispose dogs to
GDV. Because dietary fats are also present in animal pro-
teins (e.g., meats, meat meals, and meat and bone meals), it
is not clear if added oils and fats influence GDV risk by
increasing the proportion of calories from this macronutri-
ent or by providing a fat that differs qualitatively from fat
bound within animal-protein ingredients.

The present case-control study was nested within a larg-
er prospective study of GDV. A prospective versus a retro-
spective approach to dietary exposure assessment was
considered an advantageous methodology in nutritional epi-
demiology, because the diet for each dog was assessed prior
to the development of GDV, which decreases hias.26 A
weakness of this method, however, was that diet and other
risk factor information was collected systematically only
once at the start of the study. Major changes in diet during
the study were voluntarily reported by owners of 28 dogs.
When such a change in diet was reported, the most recent
diet was used in the data analyses.

Other weaknesses of the study were also identified.
Ingredients of dry dog foods and the order in which they
were listed may have varied over time. Therefore, some
ingredients listed by owners at the time of study enrollment
may not have adequately reflected the composition of the
same foods consumed by these dogs later in life. The
process of control selection was characterized by frequency-
matching controls to cases by year, primarily to ensure that
diet information from controls was obtained at approxi-
mately the same time periods as diet information was
obtained from the GDV cases.6 Finally, the presence of fat
ingredients among the first four label ingredients did not
directly indicate the actual fat content of the food.

Conclusion

The results of this nested case-control study suggested that
dry foods containing fats or oils among the first four label
ingredients predispose high-risk dogs to GDV, but soy- or
cereal-based ingredients do not. Plant-protein ingredients
such as soy, wheat, corn, and rice were not associated with
anincreased risk of GDV regardless of the number of times
they were listed among the first four label ingredients.

Despite a lack of statistical significance, there was a trend
toward decreased risk of GDV with a higher number of pro-
tein ingredients of animal origin.

aDean AG, Dean AJ, Coulombier D, et al. Epi Info, Version 6; Centers
for Disease Control and Prevention, Atlanta, GA 30333

b sAS version 8.2; SAS Institute, Inc., Cary, NC 27513

C Proc Logistic; SAS Institute, Inc., Cary, NC 27513
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