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RESUMO.- [Curvas de glicose e insulina em éguas gestantes 
e sua relação com as características clínicas e biométricas 
dos neonatos.] O objetivo do presente estudo foi descrever a 
dinâmica das curvas de glicose e insulina em éguas gestantes 
e avaliar as curvas de acordo com o escore de condição 
corporal, identificando a presença de resistência insulínica e 
correlacionando esses valores com o peso, altura e alterações 
clínicas dos neonatos. Para isso, as éguas prenhes foram 
avaliadas em conjunto e agrupadas de acordo com o escore 
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The aim of the present study was to describe the dynamics of glucose and insulin curves 
in pregnant mares, and to evaluate the curves according to body condition score, identifying 
the presence of insulin resistance and correlating these values   with the weight, height and 
clinical changes of the neonates. For this, pregnant mares were evaluated and then grouped 
according to body condition score during the gestation length until lactation. GrM corresponds 
to mares with moderate body score (BCS 5-6); GrOv were mares with overweight body score 
(BCS 7) and GrOb were obese mares (BCS 8-9). A two-step oral sugar test (OST) was used 
to determine the data. Cortisol analysis was performed with 300-320 days of gestation, at 
foaling and after parturition. For evaluation of the neonate, a general clinical examination 
and, weight and height measurements were performed. The results showed hyperglycemia 
in response to OST with normal insulin values at foaling with a subsequent fall in both values 
at lactation disregarding group division. Baseline glucose was decreased in GrM compared 
to GrOv and GrOb with 70-100 days of gestation and with 130-160 days of gestation. With 
270-300 days of gestation and post-partum GrOb had increased baseline glucose than GrM. 
After OST, glucose at foaling day in GrOb presented increased values than GrM. Baseline 
insulin values did not differ between groups. Post OST insulin levels were higher in GrOb 
than GrM and GrOv at parturition. No difference in cortisol between moments was identified. 
GrOb and GrOv maintained increased concentrations after foaling while GrM had a decrease. 
No correlation was found between maternal glucose and insulin values   with foal weight and 
height, however, a lower ratio between neonatal weight and mare’s weight in GrOb and GrOv 
was identified in relation to the GrM. At foaling, mares presented glucose dysregulation, with 
obese and overweight mares presenting a greater response to OST.
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de condição corporal durante a gestação até o pós-parto. GrM 
pertenciam éguas com escore corporal moderado (EC 5-6); 
GrOv, grupo de éguas com escore corporal acima do peso (EC 7) 
e GrOb, grupo de éguas obesas (EC 8-9). O teste de glicose oral 
em duas etapas (OST) foi usado para determinar os dados. 
A análise do cortisol também foi realizada nos 300-320 dias 
de gestação, no dia do parto e após o parto. Para avaliação 
do neonato, foram realizados exame clínico geral e medidas 
de peso e altura. Os resultados mostraram hiperglicemia 
em resposta ao OST com valores normais de insulina no 
momento parto, com uma queda subsequente em ambas as 
variáveis na lactação, desconsiderando a divisão do grupo. 
A glicemia basal diminuiu no GrM em comparação com GrOv 
e GrOb com 70-100 dias de gestação e com 130-160 dias de 
gestação. Com 270-300 dias de gestação e no pós-parto, o 
GrOb apresentou aumento na glicemia basal em relação ao 
GrM. Após OST, a glicose no dia do parto no GrOb apresentou 
valores aumentados em relação ao GrM. Os valores basais 
de insulina não diferiram entre os grupos. Após OST níveis 
de insulina foram maiores no GrOb do que GrM e GrOv no 
momento do parto. Não houve diferença nos valores de 
cortisol entre os momentos. O GrOb e GrOv mantiveram 
cortisol aumentado após o parto enquanto o GrM diminuiu. 
Não foi encontrada correlação entre os valores de glicemia e 
insulina materna com o peso e a altura do potro, entretanto, 
foi identificada uma relação menor entre o peso neonatal e 
o peso da égua no GrOb e GrOv em relação ao GrM. No parto, 
as éguas apresentaram desregulação da glicose, sendo que as 
éguas obesas e com sobrepeso apresentaram uma resposta 
maior ao OST.

TERMOS DE INDEXAÇÃO: Glicose, insulina, éguas, clínica, biometria, 
neonatos, gestação, obesidade, sobrepeso, hiperglicemia, equinos.

INTRODUCTION
A progressive decrease in insulin sensitivity is known to 
occur physiologically in pregnancy. During this period, the 
mare’s metabolism undergoes several changes that help its 
body to adapt to the placental and fetal growth requirements. 
The final trimester of gestation is considered the period in 
which greater mobilization of substrates to the foal occurs, 
and this period also correlates with increased fetal growth. 
The mainly source of this substrate is the glucose present in 
the mare’s blood circulation (Ralston 2002, Galantino-Homer 
& Engiles 2013).

Similarly in woman, Catalano (2010) describes a decrease of 
at least 50% in insulin sensitivity during gestation. The metabolic 
syndrome of pregnancy increases the risk of hypertension, 
nutritional metabolic disorders and inflammation. Although 
these conditions are solved after childbirth, the woman still 
faces the risk of developing metabolic syndrome later in life, 
occurring mainly in individuals who gained considerable 
weight during pregnancy. Obesity during gestation is also 
correlated to metabolic alterations, leading to impairment to 
neonatal health (Catalano et al. 2009). A similar mechanism 
is thought to occur in equine species (Satterfield et al. 2010).

Obesity is considered a pathological condition, found 
with increasing frequency in horses and described in several 
breeds (McCue et al. 2015). This disturbance is related to the 
development of insulin resistance (IR), known as a reduction 
in the sensitivity of target tissues to insulin, meaning that 

in normal concentration, insulin fails to decrease glucose 
levels, and consequently its concentration remains high in 
blood causing hyperinsulinemia (Frank & Tadros 2014). IR is 
involved in the pathophysiology of several chronic endocrine 
diseases of great importance in equine breeding, which can 
lead to severe life-threatening consequences (Firshman & 
Valberg 2007, Frank 2009, 2011). For this reason, obesity 
can be considered a risk factor during the gestational period.

Fetal development depends on the nutritional, hormonal 
and metabolic environment provided by the mare, and any 
change in these variables may reflect in the fetal development 
and be deleterious to its health in the future (Firshman & 
Valberg 2007). Mares presenting endocrine changes related to 
obesity may exacerbate insulin resistance and hyperglycemia, 
becoming more susceptible to development of laminitis, which 
in known as the main consequence of hyperinsulinemia in 
horses, and may potentially lead to abortion (Oke 2013).

There are a few studies evaluating glucose and insulin 
dynamics during gestation (Ousey et al. 2008, George et al. 
2011, Smith et al. 2017, Robles et al. 2018). However, little is 
known about these dynamics and its relation to the newborn 
foal. We evaluate insulin resistance throughout the gestational 
period and, to the authors’ knowledge for the first time this 
evaluation was done at the foaling day. Therefore, the aim 
of the present study is: i) to describe the dynamics of the 
glucose, insulin and cortisol curves in pregnant mares and, 
from these data, ii) to evaluate the curve according to the body 
condition score during the gestation period, identifying the 
presence of insulin resistance and its relation to the weight, 
height and clinical changes of neonates.

MATERIALS AND METHODS
Twenty-six pregnant multiparous pony mares were used, with a 
mean age of 11 (5-17) years old. The experiment was conducted 
during the breeding season of 2016. The mares were evaluated 
by the same trained observer at the beginning of data collection, 
when they were already confirmed to be pregnant, according to BCS 
following the system described by Henneke et al. (1983), and then 
separated and maintained into three distinct groups throughout 
the entire research period. The animals that had a body condition 
score (BCS) from 5 to 6 out of 9 were included in the moderate group 
(GrM, n=5), presenting a mean weight of 355.4 ±19.87kg. Mares 
identified with a BCS of 7 out of 9 were included in the overweight 
group (GrOv, n=9), presenting a mean weight of 452±24.65kg, and 
mares presenting a BCS of greater than 7 out of 9 were considered 
obese and were included in the obese group (GrOb, n=12) with 
a mean weight of 523.9±11.47kg. All data collected in this study 
were approved by the Ethical Committee on Animal of the Federal 
University of Pelotas, registered under the number CEEA 4579.

In order to evaluate glucose and insulin, a two-step oral sugar test 
(OST) was performed. The animals remained fasted for 12 hours and, 
blood was collected the following morning through venipuncture of 
the external jugular vein in two vacuum tubes (Vacutainer, U.S.A.) 
containing sodium fluoride and sodium heparin for glucose and 
insulin analysis, respectively. At the same time, another blood sample 
for evaluation of cortisol was collected using a vacuum tube with 
no anticoagulant. Immediately after the baseline sample collection, 
corn syrup was administered orally at a dose of 0.15mL/kg, and 
60 minutes later the same sample collection was repeated for glucose 
and insulin analysis.
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The oral glucose tolerance test proposed in this study was based 
on the principle that normally, insulin concentrations should return 
to basal values after sixty minutes of corn syrup administration. 
Insulin resistant horses were therefore considered as animals with 
insulin above 60µUI/mL during that time (Frank 2011). Basal values 
of these variables above the reference range for equine species were 
also considered as an indicative of insulin resistance (Frank 2011, 
Johnson et al. 2010).

Animals were submitted to the two steps OST test at predetermined 
gestation time points as follows: 70-110 days, 130-160 days, 
190-210 days, 270-300 days, 300-320 days, foaling day, 7-10 days 
postpartum. For cortisol analysis, only 300-320 days, foaling and 
7-10 days postpartum were considered. The samples were centrifuged 
at 800g for 10 minutes; the supernatant was separated and frozen 
at -20°C until analysis.

Within twelve hours postpartum, the foals were submitted 
to a general clinical examination, including evaluation of basic 
parameters such as: heart and respiratory rates, gastrointestinal 
motility, temperature, mucosal and capillary refill time (CRT). Physical 
characteristics and presence of alterations were recorded. At that 
time, weight and height measurements were also performed using 
a standard weight strip (Corpore foals - Organnact Nutracêuticos) 
and a species specific hipometer respectively.

Glucose concentrations were performed using an enzymatic 
assay (hexokinase method, with commercial kits COBAS Glucose HK 
c11(catalog number: 04657527; Standard range: 1.98-720mg/dL; 
Roche Diagnostica Brasil Ltda., São Paulo/SP, Brazil) on a COBAS 
C11 automatic analyzer, Roche). Insulin dosages were performed 
by a chemiluminescent immunoassay using an automatic analyzer 
(Access immunoassay systems, with commercially available kits 
- Acess Ultrasensitive Insulin - catalog number 33410; Standard 
range: 0.03-300uIU/mL; Intra-assay variation: 2.0-4.2%; Inter-assay 
variation: 3.1-5.6%, Beckmann Coulter, Fullerton, CA). For cortisol 
concentrations, samples were analyzed by B.E.T. laboratories©, 
Rio de Janeiro/RJ, Brazil, using the radioimmunoassay technique 
(Cortisol [125I] RIA kit, Standard range: 0-580ng/ml; Intra-assay 
variation: 5,3-8,9%; Inter-assay variation: 7,5-9,3%, MP Biomedicals 
LLC, Solon, OH).

The commercial software IBM SPSS statistics 23 was used for 
statistical analysis. Descriptive analysis of gestation time, mares’ 
glucose, insulin and cortisol levels, mares’ and foals’ weight and 

height are presented as mean ± SE. Firstly, mares’ glucose, insulin 
and cortisol are described with no group separation. Afterwards, 
they were separated in each corresponding group according to 
BCS. Data normality was tested using Shapiro Wilk normality test. 
Non- normally distributed data was transformed to Log10. A one-way 
repeated measure ANOVA was used. Statistical comparison among 
groups and group between moments were made by LSD All- Pairwise 
comparisons, significance was considered at 5% level. A paired 
t- test was also performed to evaluate difference between glucose 
and insulin concentrations at baseline and after OST test.

The relationship between the variables weight and height of 
foals and mares’ weight, glucose and insulin concentrations and 
gestation length was performed using Pearson correlation coefficient. 
An ANOVA was also performed to determine differences among groups 
in gestation time, mare’s weight, neonatal weight and height and 
the relation between mare’s weight and newborn’s weight (M/N) 
which is described as percent (%). Difference was assessed using 
LSD All- Pairwise comparison test.

RESULTS
Glucose and insulin curves of all mares during the gestation 
length, independent of groups, baseline and after 60 minutes 
of challenge with corn syrup, are shown in the graphs of 
Figure 1. Baseline glucose and insulin variables remained 
in the normal reference range in all time points. At foaling, 
a greater increase in both glucose and insulin values can be 
observed: 124.8mg/dL and 21.1mIU/mL respectively.

Both baseline and 60 minutes’ glucose and insulin 
concentrations during parturition were different from the 
remaining moments and a significant decrease in the glucose 
and insulin values post foaling occurred in all variables. Paired 
t- test showed a significant increase from basal glucose and 
insulin values compared to post OST test in al time points in 
both variables, except in insulin levels from the 130-160 days. 
No difference was found in cortisol concentration between 
moments disregarding group separation. Cortisol values in 
the 5th, 6th and 7th moments were 34.35ng/ml, 41.86ng/ml 
and 44.78ng/ml respectively.

When the mares were separated into the three distinct 
groups based on BCS, differences between moments were still 

Fig.1. (A) Glucose curve of all mares at baseline and after OST during gestation length. (B) Insulin curve of all mares at baseline and after 
OST during gestation length.
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observed. Basal glucose curves of the groups are presented in 
Figure 2A. Considering the variations between groups in each 
time point, fasting glucose was lower in GrM compared to GrOv 
and GrOb at 70-100 days and 130-160 days. At 270-300 days 
and 7-10 days after foaling moments, GrOb had higher basal 
glucose levels when compared with GrM, but no difference 
was found from GrOv.

After corn syrup administration, an increased glucose 
response is seen at the day of foaling with a subsequent fall 
after parturition (Fig.2B). Regarding group comparison, 
at 70-120 days of gestation, GrM presented an increased 
response when compared with GrOb. The response during 
time points 130-160 days, 190-210 days, 270-300 days, and 
300- 320 days remained constant in all three groups, and, 
at foaling, a raise in glucose levels in GrOb compared to GrM 
was observed, with no difference from GrOv.

Resting insulin concentrations remained within normal 
reference range in all time points (Fig.2C). No difference 
was found between groups in any time points. After glucose 
administration, insulin levels were increased in GrOb when 

compared to GrM and GrOv at foaling (Fig.2D). No differences 
were observed in the remaining time points. Regarding 
cortisol analysis, no difference between time points were 
identified, however, GrOb and GrOv maintained increased 
concentrations after foaling while GrM had a decrease (Fig.3). 
No difference between groups in cortisol was found in the 
remaining time points.

All the foals presented normal clinical findings in all 
groups. Regarding the physical features, only foals from GrOv 
and GrOb presented mild alterations. Changes like angular 
deviations (1/21), flexural deformities including hypertension 
and hyperflexion of flexor tendons in hind and front limbs 
(7/21) and bulging of the frontal bone in the head (6/21) 
were observed.

Newborns’ weight, height and mares’ gestation length 
were not different between groups. However, mares of 
GrOb had higher weight, followed by GrOv and then GrM. 
In addition, mares from GrOb presented a smaller relation 
between maternal and neonatal weight (Table 1). At Pearson’s 
correlation test, no correlation between newborn weight and 

Fig.2. Baseline and post OST glucose and insulin curves of mares separated in the three groups according to body condition score. (A) Baseline 
glucose levels during gestation length in moderate group (GrM), overweight group (GrOv) and obese group (GrOb). (B) Glucose 
concentration after 60 minutes of OST in moderate group (GrM), overweight group (GrOv) and obese group (GrOb). (C) Baseline insulin 
concentration during gestation in moderate group (GrM), overweight group (GrOv) and obese group (GrOb). (D) Insulin concentration 
60 minutes after OST during gestation in moderate group (GrM), overweight group (GrOv) and obese group (GrOb).
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height with mare’s glucose and insulin concentration was 
found. However, mares’ weight correlated with newborn 
weight (r=0.640, p=0.02) and height (r=0.610, p=0.02), 
gestation length correlated negatively with newborns’ weight 
(r= -0.435, p= 0.03) and the relation among mares’ and foal’ 
weight correlated negatively with mares’ baseline insulin 
concentration at foaling (r= -0.42, p=0.04).

DISCUSSION
None of the mares showed basal hyperglycemia across all time 
points, once these values were within the reference range 
(Frank 2011, Frank & Tadros 2014). However, the majority 
of the mares showed hyperglycemia (>115mg/dL) after OST 
challenge at the moment of foaling with three of them also 
presenting increased insulin concentration (60µUI/mL) at 
that time, suggestive of insulin resistance (Johnson et al. 
2010). Increased glucose response can occur due to a primary 
inadequacy of β-cell secretion of insulin, impaired disposal 
of glucose, or fat adaptation that spares glucose utilization 
without decreasing insulin sensitivity (Kronfeld et al. 2005).

When lower peaks of insulin with higher glucose 
concentrations are identified it is referred as uncompensated 
IR, which indicates pancreatic insufficiency or beta cell 
exhaustion, resembling what occurs in diabetes mellitus 
(Frank 2009, Frank & Tadros 2014). This can be identified 

in horses with pituitary pars intermedia dysfunction (PPID), 
although, none of the mares of this study presented clinical 
signs compatible with the disease (Frank 2009, Frank & 
Tadros 2014). Decompensation was also identified in a 
similar diabetic- like condition occurring during pregnancy 
(Trieber 2006), which is more likely to have occurred in 
these mares at the time of foaling. When glucose and insulin 
are both elevated it’s considered a transient state between 
compensated to uncompensated IR (Trieber 2006).

It should be considered that insulin and glucose peaks 
have been identified in other studies after sixty minutes the 
OST test, which could have interfered in insulin resistance 
analysis in the current study, as evaluation was done in just 
one time point after OST due to the study being conducted 
on a private farm, where stress was managed during the 
procedures to avoid pregnancy loss (Hoffman et al. 2003, 
Bamford et al. 2014). Besides that, to the author’s knowledge, 
it is the first time that increased response peaks of insulin and 
glucose are observed at the day of foaling in equine species.

Compensated IR was not identified in the remaining moments 
before parturition as described by literature (Fowden et al. 
1984, George et al. 2011), probably due to reasons previously 
mentioned. However, from 190-210 days insulin response after 
oral glucose syrup was higher from basal values, which are 
in the time frame considered with most glucose uptake for 
fetal placental growth which is in agreement with previous 
studies (Fowden et al. 1984, Galantino-Homer & Engiles 2013). 
This increase in insulin response to glucose is mediated by 
insulin synthesis and secretion. During pregnancy, it occurs 
as an adaptive mechanism that slows clearance of glucose 
from maternal tissues to ensure sufficient glucose supply 
for fetoplacental tissues (George et al. 2011). The maternal 
alteration in glucose and insulin dynamics during pregnancy 
is also correlated with actions of other hormones connected 
to gestation (Galantino-Homer & Engiles 2013).

At lactation, glucose and insulin concentrations and response 
returned to normal, which is in agreement with other study 
(Bryden et al. 2013). In this case, a lower concentration and 
a faster removal of glucose after an oral test with lower peak 
occur due to redirection of glucose to the mammary gland 
for milk production (Firshman & Valberg 2007).

Cortisol concentrations of all mares did not show any 
differences between time points. Similar serum cortisol 
values in pregnant mares have been previously described 
(Flisinska-Bojanowka et al. 1992, Satué et al. 2011, Marcilla et al. 
2017). In pregnancy, this hormone is involved in the regulation 
of fetal metabolism and growth (Marcilla et al. 2017). Cortisol 
is also a counterregulatory hormone of glucose, antagonizing 
the effects of insulin and promoting hepatic gluconeogenesis 
and inhibition of cellular glucose uptake (Firshman & Valberg 

Fig.3. Cortisol concentration at 300-320 days of gestation, at the 
foaling day and postpartum in moderate group (GrM), overweight 
group (GrOv) and obese group (GrOb).

Table 1. Descriptive values of mare’s gestational length, weight, neonatal weight and height and the relation between 
maternal weight and foal birthweight in moderate group (GrM), overweight group (GrOv) and obese group (GrOb)

Group Gestation length(days) Mare weight (Kg) Neonatal weight (Kg) Neonatal height (cm) M/N relation (%)
GrM 336,8 ± 3,3 355,4 ± 19,87a 38,20 ± 1,46 87,86 ± 1,14 10,54a

GrOv 334,3 ± 2,7 452,0 ± 24,65ᵇ 41,75 ± 2,32 92,71 ± 0,84 9,25b

GrOb 330,9 ± 1,6 523,9 ± 11,47ᶜ 44,36 ± 1,95 92,00 ± 1,00 8,49b

Results are shown as mean±SE; a,b,c different letters indicate statistical difference between groups (P<0,05); M/N relation = indicates maternal and 
newborn’s weight relation, which is shown as percent.
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2007, Hart et al. 2016). Nagel et al. (2012) describes an 
increase in plasmatic cortisol levels in the fourth days prior 
to parturition, with even higher concentration occurring 
at the day of foaling to at least 8 hours after. Other studies 
have demonstrated that the greater increase in cortisol 
values during pregnancy occurs between the fourth and fifth 
months, decreasing progressively in the following period, 
which is suggested to be negatively correlated with estrogens 
concentrations as the gestation progresses (Satué et al. 2011, 
Marcilla et al. 2017).

Considering group evaluations, the higher glucose and 
insulin response in the obese and overweight mares, especially 
at foaling, suggests that they could exacerbate glucose and 
insulin dysregulation at that time point, as was observed in 
this study (Morresey 2012). Metabolic dysregulation was 
associated with obesity in pregnant mares and women in 
other studies (George et al. 2009, Catalano 2010, Peugnet et al. 
2015). Conversely, Song (2014) found insulin dysregulation 
in mares with low BCS due to β- pancreatic cell deficiency.

When groups were evaluated for cortisol concentrations, 
obese and overweight mares maintained high cortisol levels 
within 7-10 days after foaling while moderate BCS mares 
had a significant decrease at that moment. Cortisol demand 
is closely related to the degree of metabolic activity, which 
is increased in the initial lactation period due to glucose 
requirement for milk production and could also be related 
to high BCS. Together with other related hormones, cortisol 
remains high because it is responsible for maintaining milk 
production (Satué et al. 2011).

Although no correlation was found between maternal 
insulin and glucose levels with the weight and height of the 
neonate, the present data show that in the group of obese 
mares, maternal weight and foal birth weight relation of 
8.49% was obtained, and the overweight group had a relation 
of 9.25%, being significantly lower than the group with a 
moderate BCS (P<0.05). According to Brown-Douglas et. al. 
(2011), the weight of the neonate should correspond to 10% 
of the dam’s body weight, which is considered a reflection of 
the placental efficiency. Smith et al. (2017) have identified an 
inverse relationship between body score and foal weight at 
birth than what we found in the present study, observing that 
mares with higher body scores gave birth to heavier foals. It 
was also observed that the majority of physical alterations 
presented by foals of GrOv and GrOb at birth were consistent 
with immaturity (Stoneham 2006).

The relation of maternal weight and foals’ birthweight 
correlated negatively with mare’s fasting insulin at parturition, 
showing that mares with higher insulin concentrations at 
foaling had lower weight percentage relation between mare 
and foal. However, this data should be further investigated.

CONCLUSIONS
At foaling, mares presented glucose and insulin dysregulation. 

During earlier gestational period, it also showed diminished 
glucose removal rate, which is related to fetal-placental 
growth demand. Obese and overweight mares had greater 
response to OST at the foaling day and higher cortisol values 
in post-partum.

Insulin resistance was not identified in the majority of the 
mares. It was not observed difference in weight and height 
of the newborns in the different groups, however, obese 

and overweight mares presented a lower relation between 
maternal weight and foal birthweight. No correlation of 
newborn weight and height with mare’s glucose and insulin 
values were found.
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