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Effects of Nonstructural Carbohydrates

• Dietary nonstructural 

carbohydrates or NSC (starch 

and sugar) are causal factors 

for excitable behavior, insulin 

resistance, colic, laminitis and 

tying up diseases.

• NSC is defined as Starch + 

ESC (simple sugars) or 

Starch + WSC (simple sugars 

and fructans).
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Glycemic Response of Normal and Insulin 

Resistant Horses

0
Meal

Glucose-IR
Insulin-IR

Normal



Glycemic Index of Selected 

Feedstuffs for the Horse

Oats

Alfalfa

Corn

Barley

Sweet 
feed

Wheat 
bran

Rice 
bran

Beet 
pulp Soybean 

hulls

Rodiek and Stull 2007 JEVS; feeds fed in iso-caloric amounts; 
comparisons made relative to oats (ie, % of oat’s glycemic response)



Insulin and Laminitis
• Constant exposure to high insulin levels induces laminitis

• High insulin damages laminar tissues

– Laminar cell death

– Abnormal tissue repair and growth

– Laminar elongation and weakening occurs

• Coffin bone rotates and/or sinks

• Crippling pain (can lead to euthanasia)

• Horses are at increased risk of clinical laminitis when blood 
levels of insulin are >100 micromoles/milliliter (µm/ml)

• Horses are diagnosed as IR when resting blood insulin is >20-
30 µm/ml



Karikoski NP, Patterson-Kane JC, Asplin KE, et al. Morphological and cellular changes in secondary 
epidermal laminae of horses with insulin-induced laminitis. Am J Vet Res 2014;75:161–168.

Laminar damage and weakening

Normal 48 hours after IV 
insulin administration



Events Leading to Colic and Laminitis 

in the Horse
Horse consuming pasture 

high in sugars or fed too 

much starch from grain

NSC overload in the 

large intestine Bacteria change,       

↑ fermentation, ↑ lactate, 

↓ pH, ↑ gas

Exceeds the digestive 

capacity of the small 

intestine

Increased intestinal 

permeability and 

breakdown of bacteria
Bacterial by-products 

move into blood



Laminitis

• Clinical and subclinical stages

• Clinical laminitis also called “founder”

• Affects the attachments of the hoof capsule to 
the foot or coffin bone called laminae

• Release of endotoxins responsible for 
inflammation of laminae

• Finger-like laminae become inflamed and then 
detach from one another

Normal 

Laminae

Inflamed or 

Damaged 

Laminae



Normal
Clinical 

Laminitis

Distal Phalanx Displacement



Subclinical Laminitis







Equine Endocrine Disorders

Equine Metabolic Syndrome (EMS)

• Young and middle-aged horses

• Chronic insulin resistance without PPID

•  > Insulin, > Glucose

Pituitary Pars Intermedia Dysfunction (PPID)

• Also called Equine Cushing’s Disease

• Most common in older horses (>20 years)

• Hormonal imbalances (> ACTH, > Cortisol)

• Accompanied by insulin resistance in some cases 



Type of 

Horse

Scientific Literature

Based Guideline

Practical Feeding

Based Guideline

Special 

Needs2 1 gram NSC/kg BW/meal
Maximum 20% NSC and 

maximum 0.5% BW/meal

1NSC = Starch + Sugars (Ethanol Soluble Carbohydrates).

2Insulin Resistance, Excitability, EMS, Gastric Ulcers, PPID, PSSM1, 

PSSM2 and RER.

Concentrate NSC1 Feeding Guidelines



Crude Protein (min.)________________________ 14.00%

Lysine (min.) ______________________________   0.85% 

Methionine (min.) __________________________    0.35% 

Threonine (min.) ___________________________    0.55%  

Crude Fat (min.) ___________________________   7.00%

Crude Fiber (min.) _________________________  21.00%

Acid Detergent Fiber (ADF) (max.) ____________   25.00%

Neutral Detergent Fiber (NDF) (max.) __________  40.00% 

Dietary Starch (max.) ______________________    7.00% 

Sugar (max.) ____________________________      3.00% 

FIRST NINE GUARANTEED NUTRIENTS

FOR SAFECHOICE SPECIAL CARE HORSE FEED

AAFCO doesn’t recognize NSC

as a legal definition for

soluble carbohydrate content of horse feeds

due to different laboratory analyses. 

They require “Dietary Starch” and “Sugar” 

on horse feeds making low starch claims. 

And “Sugar” refers to results from ESC analysis



Feeding the Metabolic Horse

• If BCS > 6, feed low NSC diet balancer at 1-2 lbs/day and reduce hay to 
1.5% BW/day, may need low NSC hay

• If BCS 5-6, select low NSC diet balancer or feed, limit hay and/or pasture

• With laminitis, at least temporarily hold horse off pasture, then limited 
pasture w/wo grazing muzzle or no pasture

• Prevent exposure to laminitis triggering events: spring and fall pasture, 
afternoon grazing, sunny day and cool night pasture, frozen grass

• Consider levothyroxine (Thyro-L) to increase weight loss and reduce blood 
glucose and insulin (consult with vet)

• Diet Balancer at 1-2 lbs/day (ProElite Grass Advantage Diet Balancer and 
Nutrena Empower Topline Balance)





Dietary NSC Recommendations

for Metabolic Horses 

• Insulin Resistant Horses
– Hay <10% NSC (Starch + ESC)

– Concentrate/Grain < 20% NSC (Starch + ESC) and feeding rate ≤ 0.5% BW/meal

•Laminitic Horses
– Hay <12% NSC (Starch + WSC) if cool season grass hay

– Hay <12% NSC (Starch + ESC) if warm season or legume hay

– Concentrate/Grain <20% NSC (Starch + ESC) and feeding rate ≤ 0.5% BW/meal

•Special Need Horses (Tying Up, Cushing’s and Aged)

– Hay <12% NSC (Starch + ESC)

– Concentrate/Grain <20% NSC (Starch + ESC) and feeding rate ≤ 0.5% BW/meal



Diet Balancers for Easy Keepers, Metabolic 

Issues and Weight Management  
(Minimum Feeding Rate of 1-2 lbs/day)

Max. NSC 13% Max. NSC 14%



Low NSC 

Horse Feeds

           

Guaranteed NSC                                (max) 

SafeChoice Senior      18%

SafeChoice Senior Molasses Free    16.5%

SafeChoice Special Care      10%

SafeChoice All Life Stages     20%

SafeChoice Mare & Foal      20%

ProForce Senior       18%

ProForce Fuel       20%

ProForce Fuel XF      18%

ProElite Senior       12.9%

ProElite Performance      18.3%

ProElite Starch Wise      14.5%

ProElite Showman         15%



Low NSC 

Diet 

Balancers & 

Supplements

Guaranteed NSC                               (max) 

Empower Topline Balance    14%

Empower Boost          26%

Empower Digestive Balance    12%

ProElite Grass Advantage Diet Balancer   13%

ProElite Topline Advantage      8%

ProElite Omega Advantage    20%



Low Nonstructural Carbohydrate Horse Feeds Recommended for:

– Cushing’s Disease or PPID

– Equine Metabolic Disease/Insulin Resistance

– Laminitis/Founder

– Tying Up Diseases (3 of 4)

– Senior (>20 years)

– Gastric Ulcers

– Excitability



Feeding the Excitable Horse

• Research shows it is 
high levels of NSC 
and not protein that 
causes excitability in 
the horse.

• Select low NSC 
(<20%) and high fat 
(>10%) for best 
behavior and 
improved training. 

ProElite Performance
(NSC max. = 18.6%, Crude Fat min. = 12%)

ProElite Senior
(NSC max. = 12.9%, Crude Fat min. = 10%)

ProForce Fuel
(NSC max. = 20%, Crude Fat min. = 13%)

ProForce Fuel XF
(NSC max. = 18%, Crude Fat min. = 13%)

ProForce Senior
(NSC max. = 18%, Crude Fat min. = 11%)



Example of

Hay Analysis

(front page)

WCS (includes fructans) + 

Starch = < 12 best for horses 

with, or prone to Laminitis

ESC + Starch = < 10 best for 

Insulin Resistant horses; <12 

best for Special Needs; >15 

for Performance Horses

NDF Values over 

65% – chance of 

impaction colic

Mold Concern 

if Moisture 

>14% 

24



Nutrena® Nutritional Technology

Nutri-Bloom

Advantage®



Digestive Shield™
 A precise blend of controlled starch, 

prebiotics, probiotics, postbiotics, and 

calcite to promote complete gut and 

immune health from beginning to end.

*Not included in SafeChoice® Maintenance*



Age: 4-Year-Old QH/Warmblood

Body Condition Score: 6 

Body Weight: 1350 lbs

Situation: Just started light training 
under saddle. Grouchy attitude 
recently. Mild shifting lameness 
noticed. Lameness exam negative, 
no EGUS, resting blood insulin test 
was 100 µm/ml. No elevated CK or 
AST, EMS is likely diagnosis and 
Thyro-L was prescribed.

Diet: Fed 5 lbs/day senior feed, cool 
season grass hay free choice, salt 
and joint supplement.



Current Feeding Program - Hay Analysis



Current Feeding Program – Grain/Concentrate



New Feeding Program

• Hay is 8.74% ESC + Starch (NSC) - need <10% or 
<12% NSC - okay.

• Concentrate is 24% NSC - need <20% NSC - switch to 
SafeChoice Special Care at 5 lbs/day.

• Hay fed at 1.5% BW/day (1,300 lbs target weight 
based on BCS of 5, current BW is 1,350 lbs) = 20 lbs

• Five lbs/day SafeChoice Special Care (10% max. NSC)

• Total dietary NSC = (20 lbs x 8.74% NSC) + (5 lbs x 
10% NSC) = (1.75 lbs + 0.5 lbs) ÷ 25 lbs = 9.0% Total 
Dietary NSC.



How can we help you achieve the
best feeding program for your horse?

Evaluate 

Body 

Condition

Estimate 

Body 

Weight

Evaluate 

Topline 

Hay 

Nutrient 

Analysis

Feeding 

Recommendations



Feeding horses can be scary!

Questions? We can help!

Nutrena Helpline: 1-800-367-4894

ProElite Helpline: 1-800-247-8066

Come to our websites at:

proelitehorsefeed.com

toplinebalance.com

nutrenaworld.com Contact me at marty_adams@cargill.com.

Thanks for your attention!
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