
DISCLAIMER: The data shown in our presentations, like the majority of data 
presented at this FDA colloquium, is preliminary.  The initial study presented here, is 
currently undergoing peer review.  The other studies (taurine/carnitine, and anti-
nutrient factors) share preliminary data that are part of a larger study.  We would like 
to thank Kansas State CVM for allowing us to present this data and would like to 
emphasize that while this colloquium raises more questions than answers, the 
connections and collaborations that were forged will help to understand the link 
between diet and DCM.   

Further information on research from BSM Partners can be found on:

www.dcmresearchproject.org
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Dilated cardiomyopathy is a disease of the myocardium, which, as shown in this 
echocardiographic movie, results in thinning of the heart, decreased pump function, 
and leading to congestive heart failure, dangerous arrhythmias, and sudden cardiac 
death. 
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Dilated Cardiomyopathy is the most common cardiomyopathy in the dog, and has 
historically been considered to be an inherited disease of high prevalence in certain 
breeds, including the GD, Doberman, and Irish Wolfhound. Other breeds have also 
been identified as having an inherited component,  as noted in this slide.
In addition to hereditary causes, any breed can develop a DCM phenotype with 
concurrent hypothyroid disease, nutritional deficiencies, chronic tachycardia, or 
myocarditis can also lead to a DCM phenotype.  Because a definitive etiology is often 
unknown in the absence of histopathology, the best way to describe the condition is 
“DCM phenotype”
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We surveyed 36 vet cardiology practices across the United States with the goal of 
representing each unique region of the US.  14 cardiology services were able to 
provide their annual DCM incidence – their locations are highlighted in dark blue on 
the map.  Sites located in the light blue regions were unable to provide data.  Of the 
14 hospitals, 3 hospitals were able to provide annual breed distribution data, and 1 
additionally provided annual age distribution.  And in total, this survey included 
approximately 68000 dogs evaluated by veterinary cardiologists over 19 years.  We 
also evaluated GF diet sales data from 2011-2019. 
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This graph displays the results of a mixed model random coefficient regression 
analysis including all services with the exception of Ethos- Hawaii (only one data 
point).  For all states over all years, the average annual DCM Incidence rate was 
3.83%.  Black points indicate percent DCM per service each year.  Trend - lines for 
each service are shown as black dashed lines.  The best fitted regression model is 
shown in red. This trend line does not support a change in DCM incidence over time 
among cardiology services that participated in this study.
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Here, scatter plots represent annual breed distributions from 3 different cardiology 
services: University of Missouri, Red Bank, and Garden State.  Breeds with a known 
genetic link to DCM (Inherited group – dark blue) are the most commonly diagnosed
with DCM, with all other categories generally being represented less frequently each 
year, in all three hospitals.
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The number of dogs in each group was regressed against year, total DCM cases, and 
site.  Open icon denotes regression coefficient, with matching horizontal lines 
representing individual confidence intervals.  Mixed breeds (light blue) showed a 
slightly increased trend over the past 15 years, which was statistically significant 
(p=0.025, RC 0.082).  Small breeds (purple) and other breeds (yellow) showed a 
statistical trend that was not significant (small breeds: p=0.055, RC 0.114; other 
breeds: p=0.053, RC 0.015).  Retrievers (red) did not show a trend over the years 
(p=0.689, RC 0.0112).  Inherited breeds (dark blue) showed a slight negative trend, 
which was not significant (p=0.134, RC -.  These results support what some 
cardiologists have noted – that there seems to be an increase in mixed breed and 
small breed dogs developing DCM phenotype.  However, these data do not evaluate 
changes in popular breeds over time, infectious disease distribution, or other possible 
underlying causes.   
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This graph shows age distribution of patients from Red Bank Veterinary Hospital 
(Tinton Falls) from 2005-2020.  Blue triangle depicts the average age of patients at 
time of DCM diagnosis, green squares depict patients at time of other cardiovascular 
diagnosis, and black circles denote age of patients at the time of presentation for 
non-cardiac services .  Within all three groups, there is an upward trend in age over 
the past 15 years.  In general, patients diagnosed with DCM are one year older than 
the general population of canines presenting to the hospital, and one year younger 
than patients with an alternative cardiac diagnosis.  Simply put, thee data suggest 
that dogs with DCM phenotype, as well as the general population are staying 
healthier for longer.
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Finally, Grain-free pet food sales data provided by the Nielsen company, xAOC, and 
Petco & Petsmart, and used with permission.  This bar chart denotes grain-free pet 
food sales from 2011-2019.  Grain-free pet food sales reached $900,000,000 in 2011, 
the first year that grain-free pet food sales were recorded.  By 2019, sales had grown 
to $5,426,879,686.  Light blue bars denote grain-free pet food sales through pet 
specialty retail stores only (2011-2015).  Dark blue bars denote sales through brick 
and mortar food, drug, mass, and convenience stores in addition to pet specialty 
stores.  These numbers are an underestimate of grain-free pet food sales, as sales 
through farm and feed stores, veterinary clinics, other stores selling pet foods, and 
online sales are not included.  
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This graph shows percent market share of grain-free pet food sales from 2016-2019. 
The blue line includes total grain-free pet food as a percent of the total pet food 
market.  The red line denotes the percent of kibble that is grain-free from 2016-2019, 
and this number reached 43% in 2019. 
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Here is a model, which estimates the percentage of dogs eating grain-free diets in 
2011, compared to 2019.  The percentage of dogs eating grain-free diets in 2011 was 
calculating using the following formula: $900,000,000 grain-free sales / $50.00 per 
bag / 12 months / 78,000,000 dogs = 2%.  The percentage of dogs eating grain-free 
diets in 2019 was calculated using the same formula, adjusted for the number of dogs 
and dollar sales in 2019: $5,5000,000,000 grain-free sales / $50.00 per bag / 12 
months / 90,000,000 dogs = 10%.  These numbers are likely underestimates, as 
dollar sales do not include all sales of grain-free diets.  

The bottom line is that there is no way to calculate the exact number of dogs eating 
grain free diets.  However, these available data suggest that there has been at least 
a 5-fold increase – from 2-10% in dogs eating grain free diets.  Furthermore, if we 
consider the % market share data from the past 4 years, it is possible that as many 
as 40% of dogs are eating grain free diets today.  

This huge increase in popularity in these diets over the past decade does not 
correlate to the relatively stable overall incidence of canine DCM.  
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Plasma and whole blood taurine to UC Davis and Tissue and plasma carnitine samples 
sent to UC San Diego 
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WB Taurine:
Mean: 280 nmol/mL 

Plasma Taurine:
Mean: 69.67  nmol/mL
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Plasma Taurine:
Mean: 69.67  nmol/mL
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Myocardial Taurine:
Mean: 69.7 nmol.mL
Median: 64.5 nmol/mL
Min: 45 nmol/mL
Max: 140 nmol/mL
Range: 95 nmol/mL
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Plasma and whole blood taurine to UC Davis and Tissue and plasma carnitine samples 
sent to UC San Diego 

29



• Plasma free carnitine:
• Mean: 11.6 umol/L
• Median: 10.82 umol/L
• Min, Max, Range: 7.2, 19, 11.9

• Myocardial free carnitine:
• Mean: 1.58 umol/mg protein
• Median: 1.4 umol/mg protein
• Min, Max, Range: 

0.5, 3.9, 3.4
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None of the correlations between plasma carnitine and myocardial carnitine are very 
strong however, the strongest relationship is between free plasma carnitine and 
myocardial carnitine with a R squared value of 0.131 and a p-value of 0.03. 
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Plasma and whole blood taurine to UC Davis and Tissue and plasma carnitine samples 
sent to UC San Diego 
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Points to be made: 
1. Common Unit Operations across all manufacturers
2. Do raw materials impact finished product?
3. Does processing impact finished product?
4. Does having more of animal protein impact processing or does processing impact 

starch of one source more than other?

38



39



40



Diet 5 is a commercially manufactured widely available whole grain diet. 
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Each diet were formulated to have same macro nutrient profile. 
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Storage: 3, 9, 12 and 18 months. 
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All the flours have been processed using same hammer mill settings. 
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non-grain ingredients
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Flour didn’t have any Lignin, and no lignin was found after processing. 
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Examples for Biogenic Amines – Histamine, Putrescine, Spearmidine, 
- Biogenic Amine of our products will be monitored at 3, 9, 12, 18 months. 
- Extrusion had no impact Biogenic Amines, which makes it vital to select right 

ingredients. 
- Biogenic amines are resistant to heat treatment applied in food processing. 

Therefore, BAs have been considered as good indicators of freshness and spoilage, 
inferring the quality of fresh and processed food products, thus reflecting the raw-
material quality and hygienic conditions during processing
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Diet 5 is a commercially manufactured widely available whole grain diet. 
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- For all the Nutrients, Diets 1-4, were similar to Commercial Diets, however, it was 
the Anti-nutrients that were different. 

- Our data shows that when produced under controlled conditions size of 
manufacturer doesn’t 

- This small-scale pet food manufacturer has the capacity to procure raw materials 
at level better or equal to national level brand. 

- Biogenic Amine of our products will be monitored at 3, 9, 12, 18 months. 
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