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Control of ration quantity and composition is important in the management of horses with pituitary
pars intermedia dysfunction (PPID) or equine metabolic syndrome (EMS) that exhibit obesity and/or
hyperinsulinemia. In obesity, restriction of daily dry matter intake to 1.25% to 1.5% of current body
weight will facilitate weight loss and improvement in insulin sensitivity in most horses, although the
rate of response will vary between animals and more severe restriction (dry matter intake 1.0% body
weight) may be needed. Access to pasture grazing should be limited during management of obesity
(eg, use of grazing muzzles). Insulin resistance and hyperinsulinemia may persist after weight loss,
dictating the need for long-term restriction of dietary nonstructural carbohydrates (�10–12% dry
matter), including restricted pasture grazing. Author’s address: Department of Large Animal
Clinical Sciences, College of Veterinary Medicine, Michigan State University, 736 Wilson Road, East
Lansing, MI 48824; e-mail: geor@cvm.msu.edu. © 2013 AAEP.

1. Introduction

The proportion of the horse population that can be
regarded as “older” or “aged” appears to have in-
creased in recent years. One retrospective study
reported that in 1989 only approximately 2% of the
equine referral cases at a university veterinary
hospital were over 20 years of age, but this had
increased to 12.5% by 19991 and approximately
20% by 2003.2 In a survey of the horse population
in the United States performed in 2005, 7.6% of
the total population was reported to be over 20
years old.3 A more recent study in the United
Kingdom reported that 30% of horses were aged 15
years or older,4,5 with 11% between 20 and 30
years and 2% over 30 years of age.5 An increased
willingness of owners to maintain older horses
together with improved health care and nutrition
may account for this apparent increase in preva-
lence of old horses.

The two most common endocrine disorders of
horses and ponies are pituitary pars intermedia dys-
function (PPID; aka equine Cushing’s disease) and
equine metabolic syndrome (EMS).6,7 PPID is
more prevalent in aged horses; in general, affected
animals are �15 years of age when clinical signs are
first recognized, and the risk of PPID increases with
age.6 In EMS, the age of onset is less well defined,
although a recent consensus statement indicated
that the syndrome is often initially detected in ani-
mals between 5 and 15 years of age.7 A primary
clinical concern with both PPID and EMS is lamin-
itis, hence the term endocrinopathic laminitis.
The true prevalence of laminitis in horses with PPID
is unknown, although some authors suggested that
it may be as high as 50% to 80%,8,9 whereas by
definition, EMS animals are predisposed to lamini-
tis, especially when kept at pasture.7 The mecha-
nisms underlying endocrinopathic laminitis have
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not been fully elucidated, but insulin resistance (IR)
and hyperinsulinemia are thought to be contribut-
ing factors. IR and/or evidence of abnormal insulin
dynamics is a defining feature of EMS. As well,
hyperinsulinemia can be detected in PPID, and, in
one study, a serum insulin concentration of �188
mU/L was a poor prognostic indicator for 1- to 2-year
survival in affected horses.10 Obesity and/or re-
gional adiposity are additional factors that may di-
rectly or indirectly affect the risk of endocrinopathic
laminitis. First, increased adiposity may underlie
or exacerbate IR; second, dysregulated adipose tis-
sue in obesity may release proinflammatory cyto-
kines and adipokines that contribute to lamellar
injury; and third, increased weight-bearing with
obesity may increase strain on the digital dermal-
epidermal interface. A major goal in the nutri-
tional management of EMS and PPID, therefore, is
to minimize the risk of laminitis through dietary
strategies that correct obesity, enhance insulin sen-
sitivity, and avoid exacerbations of hyperinsulin-
emia. Other age-related problems with nutritional
implications, such as poor dentition and reduced
digestive efficiency, must also be considered in the
development of a feeding program for the older horse
with PPID or EMS.

This report briefly reviews some of the nutritional
implications of aging and then focuses on dietary
management of obesity, IR, and hyperinsulinemia in
the context of PPID and EMS. Note that some
horses with PPID are not insulin-resistant or hyper-
insulinemic; these animals can be fed according to
nutritional recommendations for older horses.

2. Selected Aspects of Aging in Horses

Digestive Function

Early studies reported decreased digestive capacity
in aged (�20 years of age) horses11 with reduced
apparent digestion of fiber, phosphorus, and protein.
However, a subsequent study did not support these
findings,12 and it has been suggested that chronic
parasitic scarring of the large intestine contributed
to the apparent reduction in digestive capacity ob-
served in earlier studies.11 The reported decrease
in fiber digestion also might have been caused in
part by dental abnormalities, because dentition was
not assessed in early studies of older horses. How-
ever, common dental abnormalities such as small
points or hooks (�3 mm in size) do not appear to
affect nutrient digestibility. On the other hand,
extremely poor dentition can impair feed intake and
contribute to weight loss. Severe dental problems
in the older horse (eg, wave mouth, loss of several
molar teeth) can make it necessary to provide a “no
long-stem fiber” diet or a commercial “senior feed.”
Commercial senior feeds can be blended with other
fiber sources (eg, alfalfa cubes, hay pellets, and
soaked sugar beet pulp) to ensure adequate fiber
intake.

Overall, current evidence suggests that advanced
age (�20 years) alone does not significantly affect
digestive efficiency in horses. Many healthy old
horses that are provided adequate internal parasite
control and dental care can maintain good body con-
dition and nutritional status when they are fed ra-
tions that provide calories and nutrients in
quantities that meet or exceed the recommended
amounts.13

Body Condition
Weight loss or difficulty in maintaining adequate
body condition is a common complaint in old horses.
In one study, 17% of older horses were reported to
lose weight within the 12-month period before ex-
amination.14 Weight loss may arise for many rea-
sons, such as dental abnormalities, renal and
hepatic disease, or PPID. Cold climatic conditions
also may contribute to weight loss; it has been sug-
gested that old horses are less tolerant to tempera-
ture extremes. Ralston et al15 reported that horses
over 20 years of age required higher feed intake
during winter months to maintain body condition
when compared with younger horses kept in the
same environment. Temperatures below the lower
critical temperature (LCT) will increase caloric
needs regardless of age.13,16 Although the LCT
may be affected by several factors (eg, acclimatiza-
tion), in northern temperate climates the LCT is
estimated to be �1oC to �5oC for horses kept out-
doors. As a general guideline, caloric intake should
be increased by 2.5% for each degree Celsius below
the LCT. Most importantly, body condition should
be monitored carefully during prolonged bouts of
cold weather and the amount of feed should be ad-
justed according to condition loss or gain.

Pro-Inflammatory State and IR
Recent studies have reported that aged horses, like
humans, show evidence of a pro-inflammatory state
(ie, “inflamm-aging”) that may contribute to the de-
velopment of age-associated IR and other morbidi-
ties (eg, osteoarthritis).17–19 In one study, old
horses (�20 years) had higher levels of inflamma-
tory interleukins (blood mRNA for interleukin
[IL]-1, IL-15, IL-18, and tumor necrosis factor
[TNF�]) and increased frequency of interferon
gamma (IFN�)- and TNF�-producing cells in the
circulation when compared with horses �10 years of
age.18 Additionally, obesity appeared to exacerbate
the age-related increase in inflammatory cytokine
production by blood mononuclear cells.19 Reduc-
tion of body weight and body condition in overweight
old horses significantly reduced the percentage of
IFN�- and TNF�-positive lymphocytes and mono-
cytes as well as circulating concentrations of
TNF�.19

In humans, it is well documented that advancing
age is associated with a decline in insulin action,
with a 40% to 60% reduction in insulin sensitivity
reported in healthy older adults (�55–60 years)
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compared with younger adults.20,21 Malinowski et
al22 observed a markedly higher insulinemic re-
sponse to oral glucose administration in old Stan-
dardbred mares (�25 years of age) compared with
middle-aged (�15 years) and young (�7 years) Stan-
dardbred mares, suggesting that aging in horses
also results in a decline in insulin action. The in-
sulinemic response to dietary starch and sugars is
therefore likely to be more pronounced in older
horses and may justify the feeding of a diet with
restricted starch and sugar, regardless of EMS or
PPID status.

3. Management of Obesity

As discussed elsewhere in these proceedings, not all
horses with EMS are obese; however, dietary restric-
tion, in combination with increased physical activ-
ity, is indicated for overweight or obese horses (body
condition score [BCS] �7/9) because the obesity is a
likely contributor to IR and possibly other metabolic
abnormalities. Obesity and/or regional adiposity
are sometimes evident in PPID although, more com-
monly, weight loss is reported by owners and clinical
examination reveals moderate-to-thin BCS with
poor muscle mass.6

”Eating less” and “exercising more” are key strat-
egies to achieve a more ideal body weight (BW) and
condition.23 An evaluation of the current feeding
program and housing is the starting point for any
weight loss program—what feed is currently being
provided (including supplementary feed, hay, pas-
ture quality, and time allowed for grazing) and in
what quantities? Proximate analysis of feeds and
forage will enable estimation of true digestible en-
ergy (DE) and nutrient intake, but simply weighing
the ration and using “book” or manufacturer-sup-
plied nutrient values for each component will pro-
vide reasonable estimates of feed, energy, and
nutrient intake. Maintenance energy require-
ments for horses typically range between 30 and 35
kcal DE per kg BW per day, for example, 15.0 to 17.5
Mcal DE/d for a 500-kg horse13; the low end of this
range has been used to estimate maintenance needs
of “easy keeper” horses or ponies with a tendency to
be overweight or obese.

It is important to set realistic goals for weight loss.
Consistent with anecdotal clinical observations, re-
cent studies have demonstrated considerable be-
tween-animal variation in the rate of weight loss
when obese (BCS �7/9) horses and ponies were sub-
jected to dietary restriction. Specifically, weekly
weight losses of 0.16% to 0.55% of BW (relative to
BW at the end of the first week of restriction) were
observed when animals were provided daily dry
matter intake (DMI) at 1.25% of BW for 16 weeks.24

Thus, a target weight loss of up to 0.4% to 0.5% per
week is reasonable, but it is important for owners to
be aware of the between-animal variation in re-
sponse to identical dietary restriction. The follow-
ing guidelines are recommended for the
development of a weight loss program.

● The diet should be based on forage or a forage
substitute. In most situations, grain and
manufactured, calorie-dense feeds should be
eliminated from the diet (eg, commercial sweet
feeds, feeds containing added fats). Excessive
feeding of other “treats” such as carrots and
apples also should be curtailed.

● Early-maturity hay with a high leaf-to-stem
ratio should be replaced by later-maturity hay
that typically has lower energy content (no
more than 2 Mcal per kg DM). When mature
grass hays are fed, intake of vitamin E, copper,
zinc, and other minerals may not meet require-
ments, and provision of a vitamin-mineral sup-
plement is therefore recommended. Many
feed companies market low calorie “ration bal-
ancer” feeds for this purpose. In addition to
vitamins and minerals, these products contain
sources of high-quality protein and are usually
designed to be fed in small quantities (eg, 0.5
kg/d, fed as is or mixed with hay chop). Al-
ternatively, forage-based, low-calorie feeds
that contain added vitamins and minerals are
now available commercially. This type of feed
offers convenience and may be used as a sub-
stitute for hay or fed as a component of the
ration along with hay.

● The amount of forage and feed provided will
depend on the severity of obesity as well as the
previous level of feeding, but in general weight
loss is induced when energy intake is re-
stricted to 70% to 75% of requirements at cur-
rent body weight. On the basis of recently
published work, a restriction of DMI to approx-
imately 1.25% of BW daily results in clinically
safe and effective rates of weight loss as well as
improvements in indices of IR.24,25 The au-
thor recommends initially providing no more
than 1.5% of current BW in feed and forage
(DM basis, noting that most forages and feeds
are approximately 85–90% DM), that is, 3.7 kg
for a 250-kg pony and 7.5 kg for a 500-kg horse.
If there has been minimal weight loss after 6 to
8 weeks, daily DMI should be decreased to
1.25% BW for a further 6- to 8-week pe-
riod. Some animals may require more severe
restriction to 1.0% BW as daily DMI. The
feeding of lower amounts of feed (�1.0% BW as
DMI) is not recommended.

● The substitution of straw for up to 50% of the
hay ration may be considered. This is one way
to lower the energy density diet and maintain
a reasonable level of DMI. On average, the
energy content of straw is lower than that of
grass hay. The straw should be clean and
contain minimal cereal head; thoroughly shak-
ing the straw before feeding will remove any
loose cereal.

● The ration should be divided into three or four
feedings per day. Strategies to prolong feed
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intake time should also be considered, such as
the use of hay nets with multiple small holes.

● Access to pasture grazing should be restricted.
It is preferable to maintain turnout, either in a
large dry lot or at pasture with the horse wear-
ing a “grazing” muzzle that restricts but does
not eliminate grazing. In a recent study of
ponies provided 3 hours of access to autumn
pasture, the application of a grazing muzzle
reduced DMI by approximately 80% when
compared with no muzzle.26 Turnout into a
large dry lot is another way to restrict grazing
while still encouraging exercise. It should be
noted that simply restricting the time allowed
for grazing may not be an effective strategy for
weight loss. Ponies have been observed to
consume up to 1% of BW as DM within 3 hours
of pasture turnout.26

● Make all dietary changes gradually, and avoid
prolonged periods of feed withholding.
Abrupt starvation in obese ponies, donkeys,
and miniature horses (especially pregnant
animals) carries the risk of hyperlipemia and
is not recommended. In addition, severe di-
etary restriction (daily DMI �1.0% BW) may
increase the risk of gastric ulceration and ste-
reotypic behaviors.

● Develop, and continually update, an appropri-
ate weight maintenance program once the tar-
get weight and body condition have been
achieved. This will include monthly assess-
ment of BW and BCS to ensure that the feed-
ing program is appropriate to the current level
of physical activity and other environmental
influences on energy requirements (eg, ambi-
ent conditions).

The BCS system is useful for estimation of subcu-
taneous fat mass in equids but may not be a sensi-
tive indicator of weight loss, at least during the early
phase. In two recent studies, changes in BCS were
poorly correlated with changes in BW during weight
loss programs.24,27 On the other hand, significant
decreases in heart and belly (at the level of the
umbilicus) girth measurements as well as the depth
of the retroperitoneal (ventro-abdominal) fat depot
was detected during weight loss. It is therefore
recommended that in addition to BCS, heart and
belly girth (and, if feasible, ultrasound fat depth) be
recorded. These measures should be recorded at
monthly intervals during the weight loss program
and every 6 to 8 weeks during weight maintenance.

4. Countering IR/Hyperinsulinemia

In obese animals, weight loss can be accompanied by
improvement in insulin sensitivity.24,25 However,
IR and exaggerated insulin responses to consump-
tion of feeds rich in nonstructural carbohydrates
(NSC; starches, sugars, and/or fructans) can persist
after weight loss. Furthermore, some animals at
initial diagnosis of EMS or PPID are not obese but

do have evidence of IR and abnormal insulin dynam-
ics. Marked postprandial increases in circulating
insulin are a concern because of the potential for
high insulin concentrations to cause laminitis.28,29

Restriction in dietary NSC is therefore important in
the long-term management of EMS and PPID ani-
mals with IR. Key approaches are listed below.

(1) No grain or sweet feeds (ie, feedstuffs rich in
starch and/or sugars). The starch content of oats,
barley, and corn are approximately 45% to 50%, 60%
to 65%, and 65% to 70% of DM, respectively. Sweet
feeds contain grains plus molasses, and the NSC
content of some of these feeds can exceed 40% to 45%
DM. Provision of these feeds to insulin-resistant
equids is likely to exacerbate hyperinsulinemia.

(2) Restricted or no access to pasture. At certain
times of the year, pasture forage NSC content may
approach 30% DM or more. In susceptible animals,
ingestion of this NSC-rich forage will increase risk
for development of laminitis (even with moderate
NSC content, if there is a plentiful supply of grass,
overall NSC intake over a relatively short period of
time can be quite high).

(3) A diet based on grass hay (or hay substitute)
with low (�10–12% DM) NSC content.

(4) Feeding for maintenance of BW and BCS.
Weight gain will typically exacerbate IR, so it is

important to avoid overfeeding. Regular evalua-
tion of BW and/or BCS is the best way to assess the
adequacy or otherwise of energy provision.

The core diet for IR animals should be based on
grass hay. Mature hay is preferred because of
lower digestible energy and NSC content when com-
pared with less mature hay. Ideally, the results of
proximate nutrient analysis, including direct mea-
surement of starch and sugars (ie, NSC), should be
reviewed before selection of the hay. An NSC con-
tent of less than 10% to 12% DM is currently recom-
mended. In the absence of data on hay NSC
content, a common recommendation is to soak the
hay in water for 30 to 60 minutes before feeding to
leach water-soluble carbohydrates (WSC; sugars
and fructans). However, recent work has sug-
gested that under typical management conditions,
this practice is variable in outcome and may not
result in substantial change in the WSC content of
some hays.30 Soaking hay should therefore be used
as an adjunct to choosing low-NSC–containing hay.
Although sufficient scientific evidence is not cur-
rently available to determine whether the 10% to
12% DM upper limit of NSC content is optimal,
clinical experience suggests that this advice is rea-
sonable. Additionally, in a small study of healthy
Quarter horses versus horses affected by polysac-
charide storage myopathy, hay with an NSC content
of �10.8% did not affect glycemic and insulinemic
responses, whereas a moderate increase in serum
insulin concentration was observed after consump-
tion of hay with NSC �16%.31

A ration of mostly hay may not meet energy re-
quirements, particularly for PPID animals in which
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weight gain is desired or for insulin-resistant horses
that are in work. In these situations, the goal is to
provide additional calories without exacerbating hy-
perinsulinemia/insulinemic responses to feeding.
One approach is to add nonmolassed sugar beet pulp
to the ration, for example, 0.5 to 1.0 kg/d. Beet pulp
is rich in highly digestible fibers, provides more DE
when compared with most hay types, and does not
elicit a marked glycemic or insulinemic response
unless molasses is added at the time of processing.
Beet pulp shreds should be soaked in a volume of
water 3- to 4-fold higher than that of the beet pulp
before feeding. The energy density of the ration
also can be increased by feeding vegetable oil mixed
with sugar beet pulp shreds or with hay cubes that
have been softened in water. Corn and soy oils are
commonly used in horse diets but must be fresh,
nonrancid, and introduced gradually to the ration.
One standard cup (approximately 225 mL or 210 g)
of vegetable oil provides 1.7 Mcal of digestible en-
ergy. Depending on energy requirements, one-half
to 1 cup of oil can be fed once or twice daily (up to a
maximum of �1 mL oil/kg BW). Smaller amounts
(eg, one-fourth cup once daily) should initially be
fed, with a gradual increase over a 7- to 10-day
period. Stabilized rice bran (�20% fat) is another
option for increasing the energy density of the diet,
provided that the calcium:phosphorus ratio of the
final ration is considered. A number of commercial
feeds are available that contain relatively low starch
and sugar content (�20–25% NSC, DM basis) and
can be used to add calories to the diet of the lean
EMS or PPID horse.

Pasture Access
Pasture access is another consideration in the
management of the insulin-resistant, hyperinsu-
linemic horse. In general, most affected horses
can be allowed access to pasture after resolution of
the most recent bout of laminitis, but some restric-
tion of grass intake (ie, application of a grazing
muzzle) is usually recommended, especially dur-
ing periods when pasture forage NSC is likely to
be high— during spring and early summer; after
summer or fall rains that cause the grass to turn
green; and when pastures have been subjected to
drought or frost stress, all conditions that favor
fructan accumulation.

Dietary Supplements
A number of supplements are marketed with claims
for improved insulin sensitivity or reduced risk of
laminitis, but evidence of efficacy is scant.32 Many
products contain magnesium, chromium, and/or cin-
namon. Chromium is thought to potentiate insulin
action through activation of insulin receptor kinase
and/or inhibition of insulin receptor tyrosine phos-
phatase.33 However, the feeding of a supplement
containing 5 mg/d chromium, 8.8 g/d magnesium,
and other unspecified nutraceuticals for 16 weeks
did not alter morphometric measurements, resting

serum glucose and insulin concentrations, or insulin
sensitivity in obese horses with a history of lami-
nitis.34 Daily supplementation with 45 g short-
chain fructo-oligosaccharide (scFOS) for 6 weeks
resulted in a modest improvement in insulin sen-
sitivity and a decrease in resting serum insulin
concentrations of obese Arabian horses fed a 50:50
grass hay and sweet feed diet.35 In EMS horses
undergoing dietary restriction (1.25% of body
weight as DMI); however, loss of body weight and
improvement in insulin sensitivity were unaf-
fected by the addition of scFOS to the diet.24

More work is needed to evaluate the effects of
various nutraceutical supplements marketed for
the management of EMS or PPID. Nonetheless,
owners should be encouraged to focus on caloric
restriction, forage NSC, and so forth rather than
the feeding of supplements with unproven efficacy
in the management of IR.
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