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Heart Health’s Potential Link to Early-life Nutrition

While researchers are well versed 
in the cardiovascular risks associated 
with a bad diet, a lack of exercise, and 
smoking, they’re still learning about 
another possible risk factor that could 
lead to poor cardiac health: what you 
consume in the first few weeks of your 
life.  

Dr. Daniel Columbus, an adjunct 
professor at the University of 
Saskatchewan’s (USask) College of 
Agriculture and Bioresources, is 
looking at the effects of early life 
nutrition and associated long-term 

health outcomes in people and animals. 

“We are learning more and more that in agriculture as well as 
in humans, early-life nutrition really sets them up for [long-term 
health] success or failure,” says Columbus, who is also a research 
scientist at the Prairie Swine Centre near Saskatoon, Sask. 

Heart disease is the second leading cause of death in Canadians, 
according to the Public Health Agency of Canada. One in 12 
adults over the age of 20 are diagnosed and living with this 
chronic condition. 

Columbus and a team of USask researchers are looking at cardiac 
development during the period immediately after birth when 
many organs are still maturing — a stage of development that 
hasn’t been thoroughly studied before. 

Columbus, along with Western College of Veterinary Medicine 
(WCVM) researcher Dr. Lynn Weber, have created a team of 
human and animal health researchers to look at how poor 
nutrition affects this critical period of heart development. Using 
pigs as models, the team is investigating how this study of 
early-life malnutrition could translate to human health. 

Columbus explains that if a newborn animal or human isn’t 
getting enough nutrition, it will use the energy it does have to 
protect organ development at the cost of building up muscle. 
What scientists are discovering is that it’s not just skeletal muscle 
that’s lost when under-nutrition occurs — it’s also cardiac muscle. 

But can a healthy diet and lifestyle allow a pig or a human to 
recover from this early period of under-nutrition? That’s another 
important mystery the USask team is working to solve. 

Previous research using mice models showed that poor nutrition 
in the first weeks of life resulted in impaired heart development. 
Mice that had poor nutrition as infants performed poorly 
compared to their normally-fed counterparts, even after being 
fed a healthy diet later in life. 

For this study, USask researchers are working with pigs — an 
animal model that’s closer to humans in anatomy and 
physiology than mice. Piglets also have a similar period of organ 
development in early infancy as humans.

The USask researchers are comparing the cardiovascular health 
and development in piglets that have had access to adequate 
nutrition to piglets that have had poor nutrition. As well, they’re 
investigating whether the changes seen from poor nutrition are 
reversible by examining piglets that have been fed a proper diet 
after a certain amount of time on the low-nutrition diet. 

To make these comparisons, the researchers are using echocar-
diography to analyze the piglets’ cardiovascular health, along 
with exams of the animals’ hearts and other organs. 

The team’s work will help to fill some gaps in researchers’ 
understanding about how cardiovascular diseases develop and 
how they can be prevented in people. More information about 
the diseases’ origin can also help scientists investigate the 
effects of nutritional deficits and create a push for better public 
health programs to educate and guide new parents about the 
importance of early infant nutrition. 

Breanna Patton,
University of 
Saskatchewan

“Analysis could show whether 
these pigs benefit from extra 
management and feed.”

(Heart health potential  ... continued on page 11)
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1	 Decreased ADFI and feed refusals have 
been shown at levels as low as 0.5-1 ppm 
(Smith et al., 2005),  

2 	 > 2-5 ppm is for decreased ADFI and 
ADG, vomiting and complete feed refusal 
at > 20 ppm (Haschek et al., 2002),  

3	 Pierce and Diaz, 2014,  
4	 JECFA, 2001,  
5	 Nibbelink, 1986,  
6	 Whitlow et al., 2014,  
7	 Friend et al., 1990,  
8	 Smith et al., 2005,  
9	 Osweiller, 1986,  

Deoxynivalenol
(DON, vomitoxin)	

Affects serotonin 
receptors 
and cytokine 
production	

All stages 
(younger pigs 
may be more 
susceptible)	

Reduced ADFI and ADG1,2

Vomiting2
Diarrhea (soft or watery feces)3
Reduced immune function3
Mild changes to kidney, 
thyroid, blood4

Aflatoxins	 Mutagenic and 
carcinogenic	

All stages	 Reduced ADFI and ADG5

Reduced milk production5
Lethargy6
Ataxia (lack of coordination)6
Rough hair coat6
Hemorrhage6
Fatty liver6

Zearalenone	 Estrogenic	 Pre-pubertal 
gilts, sows and 
pre-pubertal 
boars	

Swelling and reddening of the 
vulva7
Vaginal and/or rectal prolapse7
Anestrus8
Reduced litter size8
Fetal resorption8
Implantation failure8
Decreased libido and 
testosterone9
Feminization9

Ochratoxin A	 Disrupts 
phenylalanine 
(an amino acid) 
metabolism	

All stages	 Kidney damage10
Decreased ADFI and ADG11

Immunosuppression, 
increased risk of infection12

Fumonisins	 Disrupts lipid 
metabolism	

All stages, 
especially 
young pigs	

Pulmonary edema3
Reduced immunity3
Decreased ADFI and ADG13

Shortness of breath3
Weakness3
Cyanosis (blue/purple colour 
of skin/membranes)3

T-2 and HT-2 
Toxins	

Inhibits protein 
synthesis	

All stages	 Unthriftiness6
Low ADFI and ADG6

Reproductive failure6
Gastric upset (diarrhea)6
Cellular necrosis6
Immunosuppression 6

Ergot Alkaloids	 Neurological	 All stages, 
especially the 
reproductive 
herd	

Lameness14
Gangrene14
Decreased ADG14

Abortion14
Agalactia (absence of milk 
production)14
Ataxia14

Mycotoxin	 Primary Effect	 Stage Affected	 Clinical Signs

Table 2.  Major effects of mycotoxins on swine performance
“Eventually, we would look in to 
bringing in human health experts 
[such as] dietitians, and use this 
information to develop those 
protocols and resources,” says 
Columbus. “And those programs 
are already out there. We know 
that good food is essential, but we 
know that it can be a problem even 
in regular birth-weight infants. And 
so how do we promote that even 
more”?

The study’s results will also give 
Canadian swine producers insight 
about whether young piglets that 
are less competitive at nursing and 
receive less nutrition from their 
mothers will be able to respond to 
nutritional therapies later in life and 
recover — maturing to fully-grown 
healthy animals.  

As Columbus explains, the analysis 
could show whether these pigs 
benefit from extra management and 
feed, and whether they need a better 
diet once they are weaned. 

“Or is it just they will always be small 
so we just have to accept that and 
then incorporate that into the [pigs’] 
production and management?” he 
adds. 

In addition to the research being 
done by Columbus and Weber, 
several other USask researchers 
are working with the same group 
of piglets to optimize their use and 
the amount of knowledge gained 
from the project — a One Health 
approach to research that’s a critical 
part of the university’s research 
program. 

“We brought in so many researchers 
on this one study,” says Columbus. 
“[We] are trying to get as many 
samples and analyses done as 
possible because then it gives all 
these people ideas as to what can we 
pursue in the future — beyond the 
cardiovascular, beyond the muscle 
development.”

The Natural Sciences and 
Engineering Research Council of 
Canada (NSERC) provided financial 
support for this USask research study. 

Breanna Patton of Calgary, Alta., is a 
second-year veterinary student at the 
WCVM. Her story is part of a series 
of articles written by WCVM summer 
research students.

10	 Kidney damage occurs at levels as low as 
0.5 ppm (Lippold et al., 1992),

11	 Performance is affected at levels of  
2 ppm or greater (Lippold et al., 1992; 
Stoev et al., 2000),  

12	 Can occur when levels > 2 ppm are fed 
for longer periods of time (Harvey et al., 
1992),  

13	 ADG reduced by 11% when 10 ppm 
fumonisin B1 was fed to starter pigs for  
8 weeks (Rotter et al., 1996),  

14	 Strickland et al., 2011
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