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ABSTRACT.- Ribeiro R.M., Ribeiro D.S.F., Paz C.F.R., Gobesso A.A.O. & Faleiros R.R. 2020.
Adiposity and weight gain in Mangalarga Marchador horses subjected to hypercaloric
diet. Pesquisa Veterinária Brasileira 40(3):170-175. Graduate Program in Animal Science, Escola
de Veterinária, Universidade Federal de Minas Gerais, Av. Antônio Carlos 6627, Cx. Postal 567,
Campus Pampulha, Belo Horizonte, MG 31270-901, Brazil. E-mail: faleirosufmg@gmail.com
In recent years, several researchers have been studying obesity in national horse breeds;
however, no studies demonstrating the dynamic of body and regional fat accumulation
(adiposity) Mangalarga Marchador horses subjected to hypercaloric diets have been found.
This study aimed to characterize the deposition of body and regional fat in horses with
diet-induced weight gain. A total of nine Mangalarga Marchador adult horses with initial
body condition score (BCS) of 2.9 ±1/9 (mean ±SD) were subjected to a hypercaloric, grainrich diet for five months. Body weight and the following morphometric regional adiposity
variables were analyzed: BCS, cresty neck scores (CNS), neck circumferences (NC) at 25,
50 and 75% of its length, and accumulation of subcutaneous adipose tissue at the base of
the tail using ultrasonography (BTU). These data were collected at baseline and fortnightly
after beginning the diet-induced weight gain until the end of the experiment. The effect of
time on the variables was verified by analysis of variance (ANOVA) in randomized blocks or
the Friedman’s test, and the means were compared by the Tukey’s test (p≤0.05). Exposure
to hypercaloric diet promoted a mean weight gain of 27.45% (p<0.001). Significant values
were observed for NC at 25 and 75% during the first 45 days of the experiment, and for NC
at 50% during the first 30 days. BTU presented significant changes after 60 days, with an
increase of 268% compared with the baseline value. These findings demonstrate the weight
gain and the dynamic and magnitude of regional adiposity in Mangalarga Marchador horses
subjected to hypercaloric diet.
INDEX TERMS: Adiposity, weight gain, Mangalarga Marchador, equine, hypercaloric diet, metabolic
syndrome, regional fat, horses.

RESUMO.- [Adiposidade e ganho de peso em equinos
Mangalarga Marchador submetidos a dieta hipercalórica.]
Nos últimos anos vários pesquisadores têm estudado obesidade
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em raças nacionais, contudo não se encontram estudos que
demonstrem a dinâmica do acúmulo de gordura corporal
e regional em equinos marchadores submetidos a dietas
hipercalóricas. O objetivo deste trabalho foi caracterizar a
deposição de gordura corporal e regional em equinos com
obesidade induzida. Foram utilizados nove equinos adultos,
Mangalarga Marchador com escore de condição corporal (ECC)
inicial de 2,9±1/9 (média±DP) submetidos a dieta hipercalórica
por 5 meses. Foram avaliados o peso corporal, e as variáveis
de adiposidade como o ECC, escore de acúmulo de gordura
na crista de pescoço (ECP), circunferência do pescoço a 25%,
50% e 75% de seu comprimento e o acúmulo de gordura
subcutânea na base da cauda por ultrassonografia (UBC).
Coletados antes do início do experimento e quinzenalmente
após o início da indução do ganho de peso. O efeito do tempo
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sobre as variáveis foi verificado por análise de variância em
blocos ao acaso ou teste de Friedman e as médias foram
comparadas pelo teste de Tukey (P≤0,05). O tratamento
promoveu aumento médio de peso de 27,45% (P<0,001). Já as
circunferências de pescoço 25% e 75% apresentaram valores
significativos nos 45 dias de experimento e a circunferência
a 50% se destacou nos primeiros 30 dias. A UBC apresentou
alterações significativas aos 60 dias de experimento, com um
acréscimo de 268% em relação ao valor basal. Tais achados
demonstram o ganho de peso, a dinâmica e a magnitude
do acúmulo de gordura localizada em equinos Mangalarga
Marchador submetidos à dieta hipercalórica.
TERMOS DE INDEXAÇÃO: Adiposidade, ganho de peso, equinos,
Mangalarga Marchador, dieta hipercalórica, síndrome metabólica,
gordura regional.

INTRODUCTION

According to the World Health Organization (WHO),
overweight and obesity are defined as abnormal or excessive
fat accumulation that presents a risk to health (Geor 2008).
In developed countries, prevalence of obesity is estimated at
approximately 19-40% in horse populations (Wyse et al. 2008,
Thatcher et al. 2012). To demonstrate how commonly obesity
occurs in this species, a study evaluating 300 adult animals
found that 19% of them were obese (body condition score
(BCS) between 8 and 9) and 32% were overweight (BCS from
6.5 to 7.5) (Allan et al. 2000). Another study observed that
45% of the horses in a population of 319 randomly selected
animals were obese or very obese (Robertson 2003).
Obesity is induced with the provision of high grain
and forage diets (grass and hay) with high non-structural
carbohydrate (NSC) contents, becoming a consequence of
overfeeding, leading to excessive fat reserves in relation to
body demand and the level of physical activity (Schott et al.
2001, Johnson 2002).
Fat accumulation (adiposity) can trigger exercise intolerance,
thermoregulatory inefficiency, abnormal reproductive
performance, and increased likelihood of developing mesenteric
lipomas (Henneke et al. 1984, Cymbaluk & Christison 1990,
Garlinghouse & Burrill 1999, Garcia-Seco et al. 2005). In
addition to these changes, obesity is closely related to equine
metabolic syndrome (EMS) and insulin dysregulation (ID)
(Frank et al. 2010).
Several studies have shown that regional adiposity is
closely correlated with ID, hyperinsulinemia and metabolic
disorders such as dyslipidemia, high levels of leptin and nonesterified fatty acids, increased proinflammatory cytokine
gene expression, high peripheral blood protein concentrations,
and increased risk of developing laminitis (Johnson 2002,
Sutherland et al. 2004, Vick et al. 2007, 2008, Carter et al. 2009).
Thus, adipocytes located in different parts of the organism
present different characteristics, and some adipocytes secrete
endocrine signaling that can lead to metabolic dysfunction
(Chaldakov et al. 2003, Lyon et al. 2003).
A relationship between obesity and evidence of metabolic
disease in Brazilian horses has been confirmed by several
studies (Paz et al. 2013, Magalhães et al. 2014, 2017, Xavier et
al. 2014). However, the magnitude and dynamic of adiposity
in national fattening horses are not yet known. The objective
of this experiment was to characterize body and regional
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adiposity in Mangalarga Marchador horses with diet-induced
weight gain.

MATERIALS AND METHODS

Nine healthy Mangalarga Marchador horses (five non-pregnant
mares and four geldings) aged 48±5 months with initial weight of
316±62.68kg were used in this study. For standardization of diet
administration, the horses were housed in duly identified individual
stalls with sawdust-covered floor and access to water ad libitum. The
experiment was carried out at the facilities of “Fazenda Modelo Pedro
Leopoldo” of the “Universidade Federal deMinas Gerais” (UFMG).
Obesity was induced through provision of digestible energy
(DE) in amounts 100% higher than the maintenance requirement
established in the reference literature (NRC 2007). Digestible energy
maintenance (DEm) was calculated based on the mathematical
formula DE = 1.4 + (0.03 x Kg live weight [LW]), according to the
NRC (2007), over a period of 150 days.
In order to avoid gastrointestinal disorders, it was previously
established that animals would receive DEm once in concentrate
form and once the forage form. To this end, the DE values for the
feed available were used: commercial concentrate (Guabi Equitage
Laminados) (DE: 3.650 Mcal/kg) and grass hay Cynodon dactylon
(L.) Pers.Var. Coast cross (DE: 2.0Mcal/kg). Thus, the amounts of
forage and concentrate were calculated considering the DEm of
each animal divided by the DE concentration of each type of feed:
Amount of Concentrate (kg): DE = (1.4 + (0.03 x kg LW))/3.650;
Bulk Amount (kg): DE = (1.4 + (0.03 x kg LW))/2.
This calculation was repeated fortnightly after the animal weight
was measured, thus maintaining the proportion of 100% on the
DE requirement established by the NRC (2007) constant over the
150 days of the trial period. The diet was provided in individual
feeders, in three (3) daily meals and equal parts offered at 6am,
12pm, and 18pm.
At baseline and fortnightly after beginning the diet-induced weight
gain until the end of the experiment, the animals were evaluated
walking and trotting to detect absence/presence of lameness. A
sensitivity test was also performed using the hoof testers at baseline
and at 30-day intervals until the end of the experiment.
Body weight and the following morphometric regional adiposity
variables were assessed at baseline and fortnightly until the end
of the experiment: body condition score (BCS), cresty neck score
(CNS), and neck circumference (NC). To measure the BCS of the
horses, a scale ranging from 1 to 9 (1 = emaciated and 9 = extremely
obese) was used according to the grading proposed by Henneke et
al. (1984). The CNS, which indicates metabolic disease, was verified
using a 5-point scale (0 = crest not visible and not palpable and 5
= increased crest permanently drooping to one side), according to
Carter et al. (2009).
Accumulation of subcutaneous adipose tissue at the base of the
tail using ultrasonography (BTU) was measured at baseline and
every 30 days until the end of the experiment.
A weighing scale was used to measure the body weight of the
animals. For objective assessment of local fat deposition, neck
circumference (NC) measurements were performed at three different
points at the total neck length, according methodology described
by Frank et al. (2006). These measurements were performed at
dorsal points corresponding to 25, 50, and 75% of the neck length.
The BTU measurements were obtained using an ultrasound device
(Echovet, model KX 5100) equipped with a 5 MHz transducer, which
was positioned on the right side of the base of the tail, 5 cm away
Pesq. Vet. Bras. 40(3):170-175, March 2020
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from the midline (Fig.1), according to the methodology described
by Gentry et al. (2004).
For statistical analysis, the data were processed using the
Sigma (SigmaStat, Systat) computer software. The effect of time on

the variables with normal distribution was verified by analysis of
variance (ANOVA) in randomized blocks , followed by the Tukey’s
test for comparison between the means. For the nonparametric
data of the BCS and NC variables, repeated measures ANOVA over

Fig.1. Procedure used to measure accumulation of subcutaneous adipose tissue at the base of the tail by ultrasonography (BTU). (A)
Demonstration of transducer location of the ultrasound device. (B) Demonstration of the image obtained by an ultrasound device
measuring three areas of the subcutaneous fat layer.

Fig.2. (A) Means and standard errors for weight gain, (B) weight gain percentage, (C) body condition score (BCS), and (D) cresty neck score
(CNS) of Mangalarga Marchador horses subjected to hypercaloric diet. Means followed by the same letters do not differ by the Tukey’s
test for parametric variables and by the Friedman’s test for nonparametric variables, at 5% probability.
Pesq. Vet. Bras. 40(3):170-175, March 2020
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time and the Friedman’s test were used. A significance level of 5%
(p≤0.05) was adopted for all statistical analyses.

RESULTS

During the experimental period, the horses consumed a daily
average of 0.94±0.02% of concentrate and 1.72±0.04% of
forage of body weight. There were no colic event, evidence of
lameness, or signs of sensitivity by hoof tester exam.At the end
of the experiment, the animals presented an average weight
gain of 27.45%, with significant values (p<0.001) as of the
second measurement (Fig.2). BCS and NC showed significant
increases at 75 and 90 days, respectively (Fig.2), NC at 25
and 75% showed significant increases at 45 days, and NC at
50% present significant increase at 30 days (Fig.3). The BTU
values showed significant alterations after 60 days, with an
increase of 268% compared with the baseline value (Fig.3).

DISCUSSION

In the present study, it was possible to verify the effects
of hypercaloric diet on the body weight and regional fat
accumulation in Mangalarga Marchador horses. During the
experimental period, the animals presented a weight gain of
27.5% compared with the initial values. As they were animals
in the end of the developmental phase, this weight gain
was reflected in the accumulation of subcutaneous adipose
tissue promoting a 2.95-fold increase in BCS and a 1.7-fold
increase in CNS.
It is known that the use of scores for the determination
of adiposity in horses presents great individual variation,
even when conducted by trained professionals (Young et al.
2004, Mottet et al. 2009). As noted by other authors, BCS
is not accurate to assess regional fat accumulation because
these adipose deposits often occur asymmetrically, hindering
determination of the actual body situation of the animal (Geor
2008). However, these methods continue to be used in practice
because they present significant correlations with metabolic
disorders such as ID (Carter et al. 2007).
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Objective methods, such as NC and BTU, were also used.
Increases of 15, 23 and 21%, respectively, in circumference
measures taken at 25, 50 and 75% of the neck length were
observed. A study conducted by Frank et al. (2006) showed
that neck circumference correlated closely with the area
under the insulin curve, which is a well known risk factor for
the development of insulin resistance (IR) in horses. All NC
measures showed an increase throughout the experiment,
proving that the use of NC is an objectively valid for the
evaluation of regional fat accumulation. However, of these
three measurements, NC at 50% was the one that presented
the largest increase, being evidenced as the variable that
stands out to measure animal weight gain, corroborating
studies addressing Mangalarga Marchador (Lima et al. 2010)
and police (Xavier et al. 2014) horses.
The BTU method should be highlighted in this study,
because it directly determined subcutaneous fat deposition
and presented a 7-fold increase from baseline. BTU has also
proved to be a sensitive alternative to the early signaling of
regional fat accumulation, presenting significant values after
60 days. The use of ultrasonography is effective in identifying
regional accumulation of subcutaneous adipose tissue in
horses and other farm animals (Westervelt et al. 1976, Gee et
al. 2003, Dugdale et al. 2010, Silva & Cadavez 2012). Françoso
et al. (2012) concluded that measuring subcutaneous fat at
the base of the tail is the most reliable method to estimate
adiposity, in agreement with the findings by Gentry et al.
(2004), who reported that the tail region is where the most
substantial fat deposition occurs in the body of a horse.
Changes in some biomarkers have been found to correlate
with regional adiposity markers independently. This feature
can be explained by a theory that defends that adipose tissue
displays notably different effects depending on its location in
the body. It has been theorized that adipocytes have different
characteristics depending on their location (Lyon et al. 2003).
In this context, several authors have proposed that fat
accumulation in some areas of equine subcutaneous tissue
is responsible for the development of EMS. For example,
accumulation of fat in the neck is associated with higher

Fig.3. (A) Means and standard error for neck circumference (NC) measured at 25, 50 and 75% of the distance between the nape and the
withers and (B) accumulation of subcutaneous adipose tissue at the base of the tail using of ultrasonography (BTU) of Mangalarga
Marchador horses subjected to hypercaloric diet. Means followed by the same letters do not differ from each other by the Tukey’s test,
at 5% probability.
Pesq. Vet. Bras. 40(3):170-175, March 2020
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expression of the IL-1β and IL-6 genes, whereas visceral fat is
linked to a larger number of active macrophages and a larger
amount of leptin (De Luca & Olefsky 2008, Vick et al. 2008,
Burns et al. 2010, Maury & Brichard 2010, Weber et al. 2013).
Increased adiposity on the neck and NC are closely correlated
with IR. Packer et al. (2011) observed correlation between
retro abdominal fat accumulation and leptin gene expression
in horses, and Xavier et al. (2014) found correlation between
BTU and BCS with radiographic alterations consistent with
the spatial changes of the third phalanx.
Other studies have observed that adiposity parameters
such as CNS, NC, BTU, weight gain, and BCS were positively
correlated with metabolic changes and changes observed
in the laminar tissue of horses, evidencing the value of the
present work, considering that the horses used presented
distribution of fat accumulation in the aforementioned places
(Ribeiro et al. 2015a, 2015b, 2016). These measurements can
assist with the monitoring of weight gain, and these obesity
parameters can be used as reference to demonstrate whether
the animals are presenting regional adiposity, thus being
predisposed to possible metabolic changes.

CONCLUSION

Exposure to hypercaloric diet promoted weight gain and
body fat deposition, with emphasis on body condition score
(BCS), neck circumference (NC), and subcutaneous thickness
at the base of the tail using ultrasonography (BTU). These
findings demonstrated that these variables can be useful
to monitor total and regional fat deposition in Mangalarga
Marchador horses.
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