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Background: Supraphysiological insulin and incretin responses to a cereal-based diet have been

described in horses and ponies with insulin dysregulation (ID). However, the hormonal

responses to grazing have not yet been described.

Objectives: To determine if there is a difference in the insulin and incretin responses to grazing

pasture between insulin-dysregulated and healthy ponies.

Animals: A cohort of 16 ponies comprising 5 with normal insulin regulation (NIR), 6 with moder-

ate ID (MID), and 5 with severe ID (SID).

Methods: In this case-control study, an oral glucose test (OGT) was used to determine the insu-

lin responsiveness of each pony to PO carbohydrate before grazing pasture (4 hours) for 3 con-

secutive days. Serial blood samples collected during grazing were analyzed for glucose, insulin,

glucose-dependent insulinotropic peptide (GIP) and active glucagon-like peptide-1 (aGLP-1), and

compared among pony groups and day of pasture access.

Results: The area under the insulin curve when grazing increased with ID severity (P < .03). The

median (range) maximal insulin concentration was greater in the MID (72.5 [129] μIU/mL) and

SID (255 [338.5] μIU/mL) groups, compared to the NIR (11.7 [24.9] μIU/mL) group (P < .03) and

occurred within 2-4 hours of grazing. Postprandial OGT insulin concentration was positively

correlated with 2 hours post-grazing insulin across all 3 grazing days (P ≤ .03). The aGLP-1 and

GIP concentrations increased in response to grazing but did not differ among groups.

Conclusions and Clinical Importance: Grazing pasture provoked an increased insulin and incre-

tin response in insulin-dysregulated ponies within 4 hours of grazing. The pasture and OGT

insulin concentrations were correlated.
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1 | INTRODUCTION

A dysregulated insulin response to the ingestion of nonstructural car-

bohydrate (NSC) results in hyperinsulinemia.1,2 Hyperinsulinemia is a

component of insulin dysregulation (ID), which is a central feature of

equine metabolic syndrome (EMS).1,2 An increased risk of endocrino-

pathic laminitis is associated with EMS.1 Amplified insulin secretion in

response to PO NSC is partly because of enhanced glucose absorption

and partly because of intestinally derived incretin hormones, which

encompasses the enteroinsular axis.2–5 The main insulinogenic incre-

tin hormones, glucagon-like peptide-1 (GLP-1) and glucose-dependent

insulinotropic peptide (GIP), boost postprandial insulin release and

have been demonstrated to partially augment insulin secretion after

carbohydrate consumption in ponies.2 The oral glucose test (OGT)
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assesses this enteroinsular axis6 and is used to identify hyperinsuline-

mia in response to PO carbohydrate.5,6 Furthermore, the insulin

response to an OGT has been shown to predict the development of

laminitis in ponies after excessive NSC consumption.7 However, the

accuracy of this test for predicting the insulin response of grazing ani-

mals to a pasture diet has not been determined.

Endocrinopathic laminitis has been reported anecdotally to occur

within the 1st few days of unrestricted grazing by insulin-dysregulated

ponies or horses. Rapid induction of laminitis occurs within 48-72 hours

in horses and ponies maintained at supraphysiological insulin concentra-

tions.8,9 Ponies fed a high NSC diet also developed laminitis within

5-18 days, when postprandial insulin concentrationswere approximately

396 μIU/mL.7 The initial insulin and incretin responses to grazing have

not been described and may be a key factor in determining the onset of

laminitis.

Our aims were to determine whether insulin and incretin secre-

tion in response to grazing differs with the degree of ID in ponies and

to determine whether these responses change over 3 consecutive

days of pasture access. A 2nd aim was to identify whether the insulin

and incretin responses to the OGT correlated with those measured

during voluntary pasture grazing.

2 | MATERIALS AND METHODS

2.1 | Animals

The animal work was approved by the Animal Ethics Committee of

the University of Queensland (QUT/SVS/316/16) and Queensland

University of Technology (1600000825). Sixteen mixed-breed ponies

(6 Shetland/Shetland crosses, 3 Welsh/Welsh crosses, and 7 other

breeds) owned by Queensland University of Technology were sub-

jected to veterinary examination, including CBC and blood biochemis-

try before the study.

The ponies were tested for insulin responsiveness using an OGT,

and ponies were designated as insulin-dysregulated if their serum insulin

concentration exceeded 80 μIU/mL 2 hours after glucose consump-

tion.5,10 Briefly, after an overnight fast, an 8 AM meal was provided com-

prising 0.3% body weight (BW) lucerne chaff and 200 g bran. The bran

was used as a carrier for 0.75 g/kg BW dextrose dissolved in 500 mL

water. Blood samples were collected by venipuncture before and 2 hours

after the test meal. Tests for measuring tissue resistance to insulin were

not performed. A thorough clinical examination was performed, and basal

plasma adrencocorticotropic hormone (ACTH) concentration measured

to evaluate each animal for pituitary pars intermedia dysfunction (PPID).

Body condition score (BCS) was assessed on the Henneke scale11

of 1 (very poor) to 9 (extremely fat), and cresty neck score (CNS) was

determined as previously described12 on a 0-5 scale, by an experi-

enced assessor. The ponies were acclimated to a daily diet of 2% BW

lucerne hay, plus a low NSC vitamin and mineral supplement

(Kentucky Equine Research, Mulgrave, Victoria, Australia), before the

start of the study. During the study, the ponies had a daily clinical

examination performed, which included an assessment of digital

pulses, as well as gait and hoof morphology to detect any potential

abnormalities, including laminitis.

2.2 | Study design

The study was performed in spring as 2 successive replicates (within

30 days), with 8 ponies randomly allocated to each phase. The ponies

were maintained individually in pasture-free yards when not accessing

pasture. Each phase consisted of an initial 10 days when the ponies

were fed the hay diet outlined above, followed by 3 consecutive days

of grazing native Australian pasture in individual strips (20 m × 5 m) for

4 hours between 8 AM and 12 PM. At midday on each day, the ponies

were returned to their stable and received an evening meal of lucerne

hay (0.7% BW) and a vitamin and mineral premix at 5 PM. New strips

were used within the same grazing area for phase 2, so that no pasture

was re-grazed.

2.3 | Samples

The pasture was sampled at 10 AM on the day before pasture access

in each phase. Briefly, the diagonal of the whole grazing area was

walked, and a 0.25 m2 set square was thrown randomly 6 times. The

entire pasture content of each square was rapidly harvested to a graz-

ing height of 1 cm, pooled and dried immediately using a microwave

to arrest any carbohydrate metabolism. The dry matter (DM) content

of the pooled sample was determined. The lucerne hay was sampled

using a bale corer on 12 bales, and the samples pooled. All forage sam-

ples were analyzed at a commercial laboratory accredited by the

National Association of Testing Authorities (DPI, New South Wales,

Australia).

Blood samples (6 mL) were collected at 0, 1, 2, 4, and 8 hours

on each day of grazing, from an indwelling jugular catheter (Mila

Int., Kentucky) placed aseptically under local anesthetic the evening

before the 1st day of pasture access. Blood glucose concentration

was measured immediately using a hand-held glucometer (Accu-

Check, Roche, New South Wales, Australia) previously validated for

use in ponies by the investigators. The remaining blood was sepa-

rated into clot activator (serum) and dipeptidyl peptidase 4 (DPP4)

inhibitor-containing (plasma) vacutainer tubes (Becton Dickinson,

New Jersey). Clot activator tubes were left to clot at room tempera-

ture for 30 minutes, centrifuged at 1500g for 10 minutes, and the

serum collected and stored at −20�C. The DPP4 inhibitor tubes

were immediately placed on ice for 10 minutes, centrifuged at

1500g for 10 minutes, and the plasma collected and stored at

−20�C. Samples were transferred to −80�C within 48 hours of col-

lection, before analysis. Serum insulin and plasma ACTH concentra-

tions were measured at a commercial laboratory (VetPath, Western

Australia, Australia) using chemiluminescent assays (Immulite;

Siemens Healthcare, Brisbane, Queensland, Australia) previously vali-

dated for horses.13,14 Plasma incretin concentrations were measured

in duplicate using ELISAs validated for use in horses2 and included

active GLP-1 (aGLP-1) (intra-assay CV 3.4% and inter-assay CV

13.8%) and GIP (intra-assay CV 4.4% and inter-assay CV 8.5%).

Pasture intake during the 4-hour grazing period was estimated by

measuring the total fecal DM output per pony over the 24-hour

period after pasture access and accounting for the evening hay meal.

The digestible organic matter of the dry matter of each feed compo-

nent was accounted for as previously described15 where:
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Pasture intakeDM¼
Fecal drymatter– hay× 1−hayDMODð Þð Þ– ðchaff× 1−chaff DMODð Þ

1−pasture DMODð Þ

The total fecal matter for each pony was weighed, subsampled,

dried for 20 hours in a drying cabinet at 58�C, and reweighed to cal-

culate fecal DM. An attempt to corroborate the estimation of pasture

intake also was undertaken by determining live weight before and

after pasture access.16 However, this approach was confounded by

excessive water loss associated with sweating on some days because

of high ambient temperatures and therefore is not reported.

2.4 | Data analyses

The diet phase estimates of pasture and NSC intake (total g and g/kg

BW) were tested for normality (Shapiro-Wilk test) and when normally

distributed were analyzed parametrically using a t-test or if not

normally distributed were analyzed nonparametrically using a

Mann-Whitney rank sum test. The area under the curve (AUC) for

hormone concentration versus time was calculated using the trapezoi-

dal method, with a baseline of zero. The AUC, maximum concentra-

tion (Cmax), and time to maximum concentration (Tmax) for glucose,

insulin, GIP-1, and GIP were tested for normality (Shapiro-Wilk test),

and when normally distributed were analyzed parametrically using

1-way ANOVA or 2-way repeated-measures ANOVA, as appropriate. Non-

parametric data were log10 transformed, and if normally distributed,

the data analysis proceeded using parametric methods, or if not, they

were analyzed using a nonparametric test, the Kruskal-Wallis analysis

on ranks. Thus, the data are presented either as mean � SD or median

(interquartile range) in tables and mean � standard error of the mean

in figures. Correlations were tested using Pearson's correlation test.

Multiple linear regression was used to assess the relative contribution

of glucose and the incretin hormones (AUC) to insulin AUC. Signifi-

cance was set at P < .05. The data were analyzed with SigmaPlot v.13

(Systat, San Jose, California).

3 | RESULTS

3.1 | Animals

The 16 ponies (8 females and 8 males; 13 � 6 years) were classified

into 3 metabolically distinct groups (P < .03) based on their serum

insulin response to the OGT (Table 1): normally insulin-regulated (NIR;

n = 5; 2 hours [insulin] < 60 μIU/mL10,17); moderately insulin-

dysregulated (MID; n = 6; 2 hours [insulin] 60-279 μIU/mL); and

severely insulin-dysregulated (SID; n = 5; 2 hours [insulin] ≥ 280 μIU/mL).

The cutoff value of 280 μIU/mL for the SID ponies was selected based

on a previous study in which this value represented the upper 95%

confidence interval (CI) of postprandial insulin in a cohort of ponies

and was used in the current study to account for the wide range of ID

severity in the cohort.7 No difference in BCS or CNS was found

among the groups, but the NIR ponies were heavier than both the

MID and SID groups (Table 1). The NIR group consisted of 1 Shetland

type and 4 “other” breeds; the MID group consisted of 4 Shetland

types, 1 Welsh type, and 1 “other” breeds; and the SID group con-

sisted of 2 Shetland types, 2 Welsh types, and 1 “other” breed. None

of the ponies exhibited clinical signs of PPID.18 Clinical signs of acute

laminitis were not evident before or during the study, based on digital

pulses, gait, and hoof morphology. Four ponies (2 NIR and 2 SID) were

excluded from sampling on day 3 of pasture access because of techni-

cal problems with their IV catheters.

3.2 | Diet

Chemical analyses of the lucerne hay and pasture are reported on a

dry matter basis and are shown in Table 2. Over the 4-hour grazing

period, estimated pasture intake for the cohort ranged from 2.07 to

25.6 g/kg BW (8.83 [4.94] g/kg BW). The estimated median (IQR) pas-

ture intake increased from day 1 to day 2 (P = .04; Figure 1A). Intake

during 4 hours of grazing was not different (P = .09) from intake when

on the hay diet (Figure 1B). Furthermore, it was estimated that the

MID group consumed a similar (P = .06) amount of grass to the SID

group, during the same grazing period.

3.3 | Hormone responses to pasture grazing

3.3.1 | Glucose and insulin

During the 3 days of grazing, neither the Cmax glucose nor the AUCglucose

differed among the pony groups (Figure 2). However, although the

AUCglucose increased on days 2 and 3, compared to day 1 (P = .035), the

Cmax glucose did not. Blood glucose concentrations peaked

between 2 and 4 hours. However, Tmax glucose was variable, with a

longer Tmax glucose on day 2 than day 1 (P = .05). Furthermore,

Tmax glucose did not differ among the pony groups (Figure 2).

The median (IQR) Cmax insulin was higher in the MID (72.5 [129]

μIU/mL) and SID (255 [338.5] μIU/mL) groups, compared to the NIR

(11.7 [24.9] μIU/mL) group (P < .03), whereas the SID and MID groups

did not differ (P = .06) (Figure 2). The Cmax insulin for all ponies was lower

(P = .03) on day 1, compared to days 2 and 3 (Figure 2). The AUCinsulin

TABLE 1 The mean (�SD) postprandial serum insulin concentration during an oral glucose test, plasma ACTH concentration, and morphometric

parameters of 16 ponies separated into 3 groups based on their insulin response to the oral glucose test

Group n Insulin 0 h (μIU/mL) Insulin 2 h (μIU/mL) ACTH (pg/mL) BW BCS CNS

NIR 5 2 � 0a 27.2 � 10.8c 15.6 � 4.8 348 � 96.3f 6.6 � 1.8 1 [3]

MID 6 2 � 0a 147 � 93.4d 23.2 � 16.7 150 � 58.2g 6.7 � 1.4 2 [1]

SID 5 7.73 � 2.46b 438 � 97.9e 11.4 � 3.3 184 � 39.1g 6.2 � 0.8 3 [0]

Abbreviations: BCS, body condition score; BW, body weight; CNS, cresty neck score; MID, moderate insulin dysregulation; NIR, normal insulin regulation;
SID, severe insulin dysregulation.
The CNS is reported as the median [IQR]. Letters denote statistical differences between groups within variable: a versus b, P < .03; c versus d versus e,
P < .03; f versus g, P < .004. 2 μIU/mL is the limit of detection of the insulin assay.
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was different across the pony groups (NIR < MID < SID, P = .03) and

increased from day 1 to days 2 and 3 (P = .03). The Tmax insulin for the

cohort occurred most often between 2 and 4 hours (Figure 2).

3.3.2 | Incretins

The Cmax aGLP-1 and AUCaGLP-1 did not differ among pony groups or

days (Figure 3). The frequency of the Tmax aGLP-1 for the cohort was

the same across 1, 2, and 4 hours. The Tmax aGLP-1 was not different

among ponies of different metabolic status. However, the Tmax aGLP-1

on day 1 was later than on day 2 (Figure 3).

The Cmax GIP did not differ among the pony groups, although GIP

concentrations were lower on day 3 compared to day 2 (P = .01;

Figure 3). The AUCGIP also was not different among the pony groups

but did increase on day 2, compared to day 1 (P = .05). The Tmax GIP

for the cohort usually was reached at the 2-hour time point.

3.3.3 | Relationships among the variables

For the entire cohort, blood glucose concentration (AUCglucose) was

positively correlated (r2 = 0.56, P = .02) with serum insulin concentra-

tion (AUCinsulin) when grazing (day 2 data shown; Figure 4A). In addi-

tion, both plasma aGLP-1 (AUCaGLP-1) and plasma GIP (AUCGIP) were

weakly positively correlated (r2 = 0.51, P = .04 and r2 = 0.5, P = .05,

respectively) with mean AUCinsulin (day 2 data shown; Figure 4B,C).

When the hormone data from day 2 were examined using a gener-

alized linear model, the AUCs for glucose, aGLP-1, and GIP explained

46% of the variation in AUCinsulin (P = .02) in the following proportions:

the AUCglucose predicted 85% of the variation in AUCinsulin (P = .02),

whereas the AUCs for aGLP-1 and GIP explained 4.9% and 10.1% of

the variation, respectively (P > .05).

3.4 | OGT predicts insulin response to grazing

Blood glucose concentration in the postprandial OGT sample was not

correlated with the concentration after 2 hours of grazing pasture (day

1: r2 = 0.19, P = .48; day 2: r2 = 0.1, P = .71; day 3: r2 = 0.52, P = .09).

However, postprandial insulin responses to the OGT were positively

correlated with the insulin response after grazing for 2 hours, on each

day of grazing (Figure 5). Of the incretin hormones, postprandial plasma

aGLP-1 concentration after the OGT was correlated with plasma

aGLP-1 after 2 hours of grazing on days 2 (r2 = 0.52, P = .04) and

3 (r2 = 0.58, P = .05) but not on day 1 (r2 = 0.26, P = .34), whereas GIP

concentrations of the 2 diets did not correlate with each other on any

day (day 1: r2 = 0.35, P = .18; day 2: r2 = 0.22, P = .42; and day 3:

r2 = 0.57, P = .06).

4 | DISCUSSION

Ours is the 1st study to examine the insulin and incretin responses in

both insulin-dysregulated and healthy ponies while grazing pasture. It

adds to the small amount of data currently available on the metabolic

responses to grazing in horses and ponies.19,20 Given that pasture

often forms the major component of the forage diet of horses and

TABLE 2 Analysis of the 2 forage components of a diet fed to 16 ponies

LOR Lucerne hay Pasture (phase 1) Pasture (phase 2)

Dry matter (%) 0.5 91.2 92.2 93.8

Neutral detergent fiber (%) 10 44 66 67

Acid detergent fiber (%) 4 30 36 38

Crude protein (%) 2.0 19.3 13.5 11.6

Inorganic ash (%) 3 9 9 9

Digestible organic matter in the dry matter (%) 38 61 56 58

Metabolizable energy (MJ/kg DM) 4.3 9.3 8.4 8.8

Nonstructural carbohydrate (%) 7.3 6 10.9

Abbreviations: LOR, limit of reporting; MJ, megajoule; ppm, parts per million.

FIGURE 1 (A) The mean � standard error of the mean (SEM) pasture intake (g/kg body weight [BW]) of normally insulin-regulated (NIR, n = 5),

moderately insulin-dysregulated (MID, n = 6), and severely insulin-dysregulated (SID, n = 5) ponies over 3 consecutive days. * indicates a
significant difference between days (P = .04). (B) The mean � SEM intake (g/kg BW) of NIR, MID, and SID ponies when fed hay and pasture on
grazing day 2
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ponies,21,22 the current findings may be relevant to horse owners.

Horses and ponies with ID are at an increased risk of developing lami-

nitis.1 Furthermore, endocrinopathic laminitis can occur soon after

new or increased access to pasture.23 As such, our data may be useful

when determining whether pasture access is appropriate for ponies at

risk of ID and laminitis.

FIGURE 2 The mean � standard error of the mean blood glucose and serum insulin concentrations in normally insulin-regulated (circle, NIR,

n = 5), moderately insulin-dysregulated (triangle, MID, n = 6), and severely insulin-dysregulated (square, SID, n = 5) ponies during 3 consecutive
days of grazing. Grazing ceased at the 4-hour time point. Note on day 3, not all ponies were sampled (NIR, n = 3; MID, n = 6; SID, n = 3)

FIGURE 3 The mean � standard error of the mean plasma active glucagon-like peptide-1 and serum glucose-dependent insulinotropic peptide

concentrations in normally insulin-regulated (circle, NIR, n = 5), moderately insulin-dysregulated (triangle, MID, n = 6), and severely insulin-
dysregulated (square, SID, n = 5) ponies during 3 consecutive days of grazing. Grazing ceased at the 4-hour time point. Note on day 3, not all
ponies were sampled (NIR, n = 3; MID, n = 6; SID, n = 3)
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The principal outcome of our study was the finding that ponies

with ID had greater postprandial insulin responses (peaking at

72.5-255 μIU/mL) compared to healthy ponies (peaking at 11.7 μIU/

mL) while grazing the same pasture. Although not surprising, this find-

ing is important because it aligns with previous reports indicating that

insulin-dysregulated ponies have disproportionately increased insuli-

nemic responses to both cereal-based meals and simple sugars, com-

pared to healthy animals.2,3 This finding is also crucial because

hyperinsulinemia is known to be a risk factor for laminitis, and hyper-

insulinemia during grazing may increase the risk of an insulin-

dysregulated horse or pony developing laminitis.7,24,25 An insulin

concentration of approximately 200 μIU/mL may represent the

threshold for the onset of lamellar damage.7,26 If this is a true thresh-

old, the current data would suggest that some ponies in the SID group

in particular were at risk of developing lamellar pathology while

grazing, and this may precede the development of acute laminitis if

hyperinsulinemia persists.27,28

Our study also showed that the insulin response to grazing pas-

ture was positively correlated with the OGT, with the OGT overesti-

mating the insulin response to grazing pasture. Previously, the OGT

has been shown to be predictive for laminitis when ponies were fed a

diet high in NSC.7 Thus, the OGT is helpful, but not definitive, for pre-

dicting the insulin response to grazing. This knowledge should

improve the ability of clinicians to determine the likely risk of laminitis

and whether grazing can be appropriately managed in their patients.

Limiting pasture access is recommended when managing horses with

ID,29 and this recommendation can now be made with the under-

standing that the insulin response to an OGT likely will not only reflect

an individual's degree of pasture-associated hyperinsulinemia but also

reflect the risk of endocrinopathic laminitis triggered by pasture

intake.

The increases in glucose, insulin, and GIP concentrations from day

1 to day 2 reflected the intake measurements in all the pony groups.

However, we were unable to determine whether the increases in

glucose, insulin, and GIP concentrations that occurred on day 2 were

in fact because of the increase in pasture consumption or secondary

to an increase in intestinal glucose absorption.2 It is unknown why

intake was lower on the 1st day of grazing, although the difference

could simply be behavioral. The ponies seemed to be excited and were

highly active on the 1st day at pasture, after release from 10 days in

the smaller dry yards. By day 2, all ponies were more acclimated to

their new surroundings and settled earlier. This behavioral hypothesis

is further supported by the fact that no difference was recorded in

intake between days 2 and 3. Therefore, it is likely that the time

actively spent grazing within the 4 hours period impacted NSC intake

and therefore the hormonal responses. The variability in pasture

intake could have been associated with multiple factors such as indi-

vidual pony behavior, appetite, and health. We also acknowledge that

the intake measures were estimates only, and methodology, sampling

errors, or both, could have impacted intake.

FIGURE 4 The serum insulin responses (area under the curve [AUC]) over 4 hours of grazing in 16 ponies correlated with their blood glucose (A),

plasma active glucagon-like peptide-1 (B), and plasma glucose-dependent insulinotropic peptide (C) responses over the same period

FIGURE 5 The postprandial serum insulin concentration 2 hours after an oral glucose test was positively correlated with the postprandial serum

insulin concentration after 2 hours grazing on 3 consecutive days of grazing in 16 ponies
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The limited time that the ponies were able to graze may have con-

tributed to the reasonably uniform estimates of intake recorded across

the cohort. If the ponies had been allowed to graze for 24 h/d, a loading

effect may have occurred, where the rate of intake may have become

more variable, and possibly decreased, over time. Restricting grazing

time has been shown to decrease the total pasture DM intake.30 How-

ever, in another study, the rate of intake increased when grazing time

was restricted, indicating that grazing is more intense earlier in the graz-

ing period.30 Grazing intake in that study was estimated as 5.88 g/kg

BW over a 3-hour grazing period,30 which is comparable to the median

intake of 8.83 g/kg BW over the 4-hour grazing period in our study.

The incretin hormones did not contribute significantly to the vari-

ability seen in insulin concentrations during grazing. The finding that

glucose was the most important contributor to postprandial insulin vari-

ation, and that it was correlated with insulin secretion, is consistent

with a previous report.2 This finding also aligns with the fact that both

glucose and insulin concentrations peaked at the same time, whereas

aGLP-1 and GIP generally reached their maximum concentrations ear-

lier. Previously, aGLP-1 has been shown to be a significant factor in

insulin variability in response to dextrose; however, it appeared to play

a minor role in our study.2 Regardless, peak aGLP-1 concentrations

measured in our study were similar to those reported previously in

ponies.2,3 Furthermore, although aGLP-1 was correlated with insulin

secretion, it did not differ according to the metabolic status of the

ponies in our study, which is inconsistent with previous reports showing

that aGLP-1 played a partial role in postprandial insulin secretion.2,3

These inconsistencies could be a result of differences in the rate or

amount of sugar consumed, or both, or the composition of study diets,

breed, β-cell function, or individual animal variability and are worthy of

further investigation. In particular, ID appears to occur more frequently

in certain horse and pony breeds, and a genetic basis for ID may exist,

which may affect incretin action.1 In humans with different degrees of

glucose tolerance (ranging from normal glucose tolerance to impaired

glucose tolerance and type 2 diabetes mellitus), GLP-1 and GIP did not

differ among individuals, indicating little involvement in impaired insulin

secretion.31 A similar result also was found in a study comparing horses

with normal insulin regulation and insulin-dysregulated horses, where

aGLP-1 concentrations did not differ between animals.32 The impor-

tance of incretin hormones in ID in horses continues to be studied, and

although our study has contributed, additional data are required to bet-

ter understand the complexity of the enteroinsular axis in horses.

In conclusion, we successfully addressed our 3 aims by describing

the insulin and incretin responses to grazing in ponies across succes-

sive days, showing that the insulinemic responses to pasture grazing

differed from the severity of ID in ponies, and that this response cor-

related with the response to an OGT. Although the concentrations of

both incretin hormones increased in response to grazing, their secre-

tion did neither relate to the severity of ID nor did they appear to be

major drivers of postprandial hyperinsulinemia. Lastly, we found that

supraphysiological insulin secretion in response to pasture grazing can

occur within a 4-hour period in insulin-dysregulated ponies, suggest-

ing that pasture access should be carefully managed in these animals

to decrease laminitis risk. Our data also suggest that the OGT may be

helpful for estimating an individual animal's early insulin response to

pasture grazing.
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