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Abstract 

Background: The main objectives of this study were to evaluate the accuracy of different body weight formulas 
for estimating body weight of Icelandic and Warmblood horses, as well as to assess the associations between the 
variables cresty neck score, body condition score, and plasma concentrations of leptin, insulin and cortisol. A total of 
81 adult (≥ 4 years of age) horses (43 Icelandic and 38 Warmblood horses) was included in this study. The following 
morphological measurements were collected by two examiners simultaneously; body weight; height at withers; neck 
length; 0.5 neck length; neck circumference; umbilical circumference, two different heart girths, as well as two differ‑
ent body length measurements. The horse’s body weights were measured on a weight scale, and cresty neck scores 
were rated along with body condition scores using both the 0 to 5 and the 1 to 9 systems.

Results: In general, the concordance correlation coefficient was high for most formulas, but the mean bias and slope 
bias deviations varied between formulas. Some simple formulas using only heart girth, or heart girth and length can 
be used to estimate body weight of Icelandic and Warmblood horses as good as more complex formulas using four 
morphometric measurements. Plasma concentrations of leptin and insulin were higher (P < 0.001) for the Icelandic 
than the Warmblood horses, probably reflecting higher body fat content as suggested by the differences in body con‑
dition score.

Conclusions: Body weight formulas only give an estimate of body weight and not a completely correct determina‑
tion. Some simple and more complex formulas can be used for Icelandic horses even though they are not developed 
for this breed. Complex formulas using four morphometric measurements were accurate, but simple formulas using 
only heart girth, or heart girth and length can be used to estimate body weight and thereby be applied to weight 
tapes and used to estimate the body weight of both Icelandic and Warmblood horses.
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Background
The ability to precisely and accurately obtain and moni-
tor horses’ body weight (BW), as well as body condition 
score (BCS) and cresty neck score (CNS) is essential for 
generating an optimal nutritional plan and monitoring 

horse health. Further, with equine obesity being a major 
health issue on the rise, the ability to recognize a horse 
as overweight or obese and monitor BW fluctuations on 
a regular basis is becoming increasingly important [1–4].

A weight scale is the most accurate way of obtaining 
the BW of a horse, but it is often not accessible. Without 
availability of a weight scale, a horse’s BW is commonly 
visually estimated, but this is an inaccurate way of assess-
ing BW [5, 6], and it has been found that the mean accu-
racy was 98.6 vs. 88.3% when estimating the BW with a 
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formula or by visual assessment, respectively [5]. Body 
weight is more appropriately estimated by using BW esti-
mation methods such as weight tapes and BW formu-
las. These methods use morphometric measurements to 
acquire an estimated BW. The weight tape uses only the 
girth circumference to determine the horse’s BW because 
girth circumference is highly correlated with BW [7]. A 
BW formula (BWF) can be more complex, but has also 
been suggested to be more accurate than a weight tape, 
and several BWF have been developed over the years [5, 
8]. However, the conformational differences between 
various breeds may influence the accuracy of the respec-
tive BWF. Therefore, it is important to evaluate differ-
ent BWFs and their suitability for use in different breeds, 
e.g. only one study has evaluated the suitability of a BWF 
[7] in a limited number (n = 13) of Icelandic horses [9]. 
Hence, more research is needed to clarify if BWF devel-
oped for other breeds are suited for Icelandic horses.

The main objective of this study was to evaluate the 
accuracy of different BW formulas for estimating BW 
of two different horse breeds, the Icelandic and Warm-
blood horse, as well as to assess the associations between 
the variables CNS, BCS, plasma concentrations of leptin, 
insulin and cortisol.

Methods
Experimental design and animals
The experiment was a field study conducted in Denmark 
and included horses located at six different stables. A 
total of 81 horses was assessed during this study, involv-
ing 43 Icelandic and 38 Warmblood horses. There was 
a total of 52 geldings (20 Icelandic and 32 Warmblood 
horses with an average age of 12 ± 5.7 and 11 ± 3.3 years, 
respectively), 4 stallions (4 Icelandic horses with an 
average age of 10 ± 2.6) and 25 mares (19 Icelandic and 
6 Warmblood horses with an average age of 9 ± 3.3 and 
15 ± 4.3  years, respectively). The age of 12 Icelandic 
geldings and 7 Icelandic mares were not registered, but 
horses that were < 4  years of age, as well as pregnant or 
lactating mares were excluded from the study. The horses 
were not fasted or prohibited from water intake before 
being examined. All horses were in good health and on 
a vaccination, dental care and deworming management 
plan, according to the owners.

Morphometric measurements
Each horse’s body weight, measured on a weight scale, 
and morphometric measurements (Fig. 1) were taken at 
the same time to avoid any fluctuations in BW. To ensure 
consistency the same two examiners preformed all of the 
morphometric measurements simultaneously and meas-
urements were taken once.

Each horse was first weighed using a portable weight 
scale (Horse weigh® “Tokyo” EziWeigh; Tru-Test, Wales, 
UK), with an accuracy of ± 1% according to the manufac-
turer. The horse’s BW was rounded to the nearest kg. To 
ensure accurate readings the weight scale was placed on 
a hard and flat surface and the scale was tested with an 
object of known weight. After being weighed, the horse 
was situated on level ground in a square stance. There-
after, morphometric measurements were taken, starting 
with height at withers (H). Height at withers was taken 
using a measuring stick that was placed at the base of the 
horse’s hooves and measured up to the highest point of 
the withers. In a relaxed and natural neck position, the 
neck length (NL) and neck circumference (NC) were 
measured. The NL was taken from the poll to the high-
est point of the withers following the curvature of the 
neck and the NL was only used to locate where to meas-
ure NC. The NC was taken from the halfway point of 
the NL, wrapping around the whole neck. Heart girth 
circumference was taken at two locations, both starting 
from behind the elbow and wrapping vertically around 
the sternum of the horse to the highest point of the with-
ers (G1) and the other to the base (slope) of the withers 
(G2). The umbilical girth circumference (U) was taken 
from the umbilicus point going vertically around the 
abdomen. All girth circumferences were obtained at the 
time of respiratory expiration. This was done to avoid 
girth circumference increase due to inhalation. Two body 
lengths were taken, one in a horizontal line from the 
tuber ischium (point of the buttocks) to greater tubercle 
(point of the shoulder) (L1) and the other from the tuber 
ischium (point of the buttocks) to olecranon (point of 
the elbow) (L2). Figure 1 depicts all of the morphometric 
measurements.

Formulas
The morphometric measurements gathered were used 
to obtain indirect measurements of the horses BW using 
the formulas presented in Table 1.

Cresty neck and body condition score
The horses’ BCSs were evaluated using the 0 to 5 BCS 
[7] and 1 to 9 BCS [19] systems. The Carroll and Hun-
tington [7] BCS, ranges from 0 (horse is emaciated) to 
5 (horse is extremely fat), where a horse given a score 
of 2 or 3 is considered to be in a moderate respectively 
good body condition. Henneke et al. [19] BCS ranges 
from 1 (emaciated) to 9 (extremely fat). For the 1 to 5 
BCS, the pelvic score was adjusted by 0.5 points if it 
differed by 1 or more points from the back and neck 
score as described by Carroll and Huntington [7]. 
The CNS was evaluated using the CNS developed by 
Carter et  al. [20]. The CNS scores range from 0 (no 
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crest) to 5 (large crest that drops to one side), with 
a score of ≥ 3 indicating a CN [20]. Half point incre-
ments are applied to both the CNS and 1 to 9 BCS. 

This was done to allow for better allocation of horses 
that are intermediate to the specifications of two 
whole BCS numbers.

Fig. 1 A depiction of all the morphometric measurements. NC: neck circumference; L1: length from point of shoulder to point of buttock; L2: 
length from point of elbow to point of buttock; G1: heart girth from top of the withers; G2: heart girth from slope of the withers; U: umbilical girth; 
H: height at withers. All morphometric measurements were obtained in centimetres

Table 1 The different body measurements of horses and formulas used to estimate body weight (BW) of horses

G1: heart girth from top of the withers; G2: heart girth from slope of the withers; L1: length from point of shoulder to point of buttock; L2: length from point of elbow 
to point of buttock; U: umbilical girth, H: height at withers; NC: neck circumference
a In the original reference units are in inches (in) and pounds (lb)
b If BCS < 2.5 out of 5 use Y derivative 12265, if BCS ≥ 3 out of 5 then use Y derivative 11706
c Measurements are illustrated in Fig. 1

Reference Measurementsc BW formula (kg)

Marcenac and Aublet [10] G2 Girth (m)3 × 80

Staun [11] G2 6.25 × Girth (cm) – 625

Willoughby [12]a G2 (0.14475 × Girth (cm) / 2.54)3 × 0.4536 (Males)
(0.14341 × Girth (cm) / 2.54)3 × 0.4536 (Females)

Ensminger [13] G1 + L1 ((Girth2 (cm) × Length (cm))/2.543/660 + 22.7

Jansson [14] G2 + L2 Girth2 (cm) × Length (cm)/8900

Carroll and Huntington [7]b G2 + L1 (Girth2 (cm) × Length (cm))/11,877

Jones et al. [15] U + L1 (Girth (cm)1.78 × Length (cm)0.97)/3011

Martin‑Rosset [16] H + G2 4.3 × Girth (cm) + 3.0 × Height (cm) – 785 (Horse)
3.56 × Girth + 3.65 × Height – 714.77 (Pony)

Martinson [17] H + NC + G1 + L1 (Girth (cm)1.486 × Length (cm)0.554 × Height (cm)0.599 × Neck (cm)0.173)/3606

Catalano [18] H + NC + G1 + L1 (Girth (cm)1.528 × Length (cm)0.574 × Height (cm)0.246 × Neck (cm)0.261)/1209
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Blood samples and hormone analysis
Blood samples were collected by jugular vein puncture 
into 10  mL heparinized tubes (BD vacutainer sodium 
heparin, Becton, Dickinson and Company, Franklin 
Lakes, NJ, USA) from 73 of the 81 horses (35 Icelandic 
and 38 Warmblood horses) before feeding (blood sam-
ples and morphometric measurements were performed 
on different days). The blood samples were centrifuged 
(Hettich centrifuge EBA 200, Andreas Hettich GmbH & 
Co.KG, Tuttlingen, Germany) immediately after sam-
pling at 3000×g for 10 min, plasma was harvested, placed 
on ice and stored at − 20 ℃ within 1 h for later analysis of 
plasma hormones.

Plasma was analysed for leptin, insulin and cortisol as 
described in Jensen et  al. [21]. The samples were pro-
cessed in a single assay with a detection limit of 0.04 ng/
mL, 1.4 µU/mL and 3.56  ng/mL for leptin, insulin and 
cortisol, respectively. For leptin, control samples con-
taining 0.06, 0.27 and 1.03  ng/mL were included in the 
assay and used to estimate intra-assay coefficients of 
variation of 10.5, 4.5 and 4.6%, respectively. For insulin, 
control samples containing 3.98, 7.82 and 16.36 µU/mL 
were included in the assay and used to estimate intra-
assay coefficients of variation of 4.2, 8.1 and 1.6%, respec-
tively. For cortisol, control samples containing 11.07 and 
22.51 ng/mL were included in the assay and used to esti-
mate intra-assay coefficients of variation of 6.3 and 4.0%, 
respectively.

Calculations and statistical analyses
The effects of breed on morphometric measurements, 
CNS, BCS and BW were analysed using PROC MIXED 
in SAS® (Version 9.4, SAS Institute Inc., Cary, NC, USA) 
in a model where breed was included as a fixed effect. 
The Bland–Altman plot [22] was used to assess the accu-
racy of the BWF both visually and statistically by com-
paring measured BW and estimated BW in GraphPad 
Prism® (Version 7, GraphPad Software, La Jolla, Cali-
fornia, USA). The y-axis in the Bland–Altman plot is 
the difference between the measured and estimated BW 
(mean ± SD) and the x-axis is the average of the meas-
ured and estimated BW. The grey area represents the 
95% confidence interval. Ideally, all data points should be 
evenly distributed, lie within the 95% confidence interval 
and the mean should be close to zero.

A combination of formula evaluation metrics was also 
used to assess formula performance including root mean 
square prediction error (RMSPE), RMSPE to standard 
deviation of the measured BW ratio (RSR), mean bias 
(MB) and slope bias (SB) deviations, and concordance 
correlation coefficient (CCC) according to Niu et al. [23] 
and analysed using R® statistical software.

The RMSPE was used to assess overall formula pre-
diction accuracy and its units are the same as the 
measurements:

where Yi denotes the measured BW for the ith observa-
tion, Ŷi denotes the predicted BW for the ith observation, 
and n denotes the number of observations. The RSR was 
caluculated as:

where So denotes the standard deviation of the measure-
ments. Smaller RSR indicates better model predictive 
ability given the variability of the data. To identify sys-
tematic biases, the MB and SB deviations were calculated:

where 
−

P and 
−

O denotes the predicted and the measured 
means, Sp denotes the standard deviation of the pre-
dicted values, and r denotes the Pearson correlation coef-
ficient. To evaluate the degree of deviation between the 
best-fit line and the identity line (y = x) the CCC was cal-
culated, and a value closer to 1 indicates a better model 
performance:

where

where 
−

P , 
−

O , So , and So are defined above, v provides a 
measure of scale of shift, and u provides a measure of 
location shift.

The effects of breed and BCS on hormone concentra-
tions were analysed using PROC MIXED in SAS® using 
a model where breed and BCS were included as fixed 
effect (BCS was not significant and removed from the 
model), and associations between the variables CNS, 
BCS (1–5), BCS (1–9), leptin, insulin and cortisol were 
tested with Spearman’s rank correlation coefficient  (rs) 

RMSPE =

∑n
i=1

(

Yi − Ŷi

)2

n

RSR =
RMSPE

SO

MB = (
−

P −
−

O)
2

SB = (Sp − r × So)
2

CCC = r × Cb
2
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(
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))

/2

]−1
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−

P −
−

O)/(SoSP)
1/2
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using procedure REG in SAS®. Results are presented as 
least square means (LS-means) with standard error of the 
mean (SEM) as a measure of variance. Effects were con-
sidered significant if P < 0.05.

Results
The morphometric measurements differed (P < 0.01) 
between the two horse breeds and LS-mean as well as 
minimum and maximum values of H, G1, G2, U, L1, L2, 
NC, CNS, BCS (0–5), BCS (1–9) and BW are presented 
in Table 2.

Bland–Altman plots were used to assess the accuracy 
between measured and estimated BW, when BW was 
estimated based only on heart girth (Fig.  2), on length 
of the body and heart or umbilical girth (Fig.  3), or on 
height at withers and heart girth alone or combined with 
length of the body and neck circumference (Fig. 4). As it 
appears from Figs. 2, 3 and 4 the agreement between the 
measured and estimated BW varied largely depending on 
which BW formula that had been used for the estimation. 
The Bland–Altman plots and a combination of formula 
evaluation metrics (RMSPE, RSR, MB and SB) were used 
to assess formula performance, and all results are pre-
sented in Table 3.

In general, when the RMSPE and RSR were low the 
CCC was high, and the MB and SB deviations were 
used to identify why one formula performed better 
than another. There was also concordance between the 
MB and SB and the mean ± SD from the Bland–Altman 
analysis, respectively. One advantage of the Bland–Alt-
man analysis is that the mean indicates whether BW is 
over- or underestimated.

Of the simple formulas only using heart girth circum-
ference the formula from Marcenac and Aublet [10] 
and Willoughby [12] had higher CCC than the formula 
from Staun [11]. Of the formulas using two body meas-
urements the formula from Carroll and Huntington [7] 
had a higher CCC than the rest followed by the formula 
from Martin-Rosset [16] for the Icelandic horses. The 
MB and SB showed that this was mainly explained by 
Carroll and Huntington [7] (and Martin-Rosset [16] 
for Icelandic horses) having relatively lower MB than 
the other formulas. Finally, the more complex formulas 
with four body measurements had high CCC (Martin-
son [17] and Catalano [18]), and they also had slightly 
lower RMSPE than the best formulas using single or 
two body measurements.

The plasma hormone concentrations for each breed 
are presented in Table 4. Leptin and insulin were both 
higher (P < 0.001) in the Icelandic than in the Warm-
blood horses.

The associations between the variables CNS, BCS 
(1–5), BCS (1–9), leptin, insulin and cortisol are pre-
sented in Table  5. There were positive correlations 
between leptin and CNS, BCS (1–5), BCS (1–9) and 
insulin, and between insulin and CNS and BCS (1–5). 
The CNS, BCS (1–5) and BCS (1–9) are all strongly 
correlated.

Discussion
Knowledge of a horse’s accurate BW as well as BCS 
and CNS is essential in monitoring a horse’s nutritional 
plan and health. The main objective of this field study 
was to evaluate which of many developed BW formulas 

Table 2 Morphometric measurements, cresty neck score (CNS), body condition score (BCS) and  body weight (BW) 
of Icelandic and Warmblood horses

H: height at withers; G1: heart girth at withers; G2: heart girth at slope; U: umbilical girth; L1: length from point of shoulder to point of hip; L2: length from point of 
elbow to point of hip; NC: neck circumference; CNS: cresty neck score; BCS (0–5): body condition score on scale 0–5; BCS (1–9): body condition score on scale 1–9; BW: 
body weight; SEM: standard error of the mean; Max: maximum; Min: minimum.

Icelandic (n = 43) Warmblood (n = 38) P-value

Mean SEM Min Max Mean SEM Min Max

H (cm) 138 0.63 130 143 172 0.67 158 180 < 0.001

G1 (cm) 166 0.86 151 180 204 0.91 189 213 < 0.001

G2 (cm) 164 0.86 150 176 199 0.92 184 212 < 0.001

U (cm) 170 1.2 150 192 204 1.3 178 216 < 0.001

L1 (cm) 158 1.0 146 176 185 1.1 169 196 < 0.001

L2 (cm) 128 0.84 116 140 153 0.89 139 163 < 0.001

NC (cm) 87 0.88 77 104 98 0.94 88 110 < 0.001

CNS 2.1 0.07 1 3.5 1.4 0.09 0.5 2.5 < 0.001

BCS (0–5) 3.0 0.05 2.2 3.5 2.8 0.05 1.5 3 < 0.001

BCS (1–9) 5.7 0.09 4.5 7 5.3 0.10 4 6 < 0.01

Measured BW 366 6.4 294 428 640 6.8 478 718 < 0.001
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that accurately determines the BW of two different 
horse breeds, the Icelandic and Warmblood horse. Fur-
thermore, it was the intention to assess the associations 
between the variables CNS, BCS, plasma concentra-
tions of leptin, insulin and cortisol.

The formulas used in this study ranged from very 
simple ones based on a single measurement to such 
that were more complex, based on two to four differ-
ent measurements. Based on the Bland–Altman anal-
ysis and the formula evaluation metrics there were 

formulas for which the deviation from the measured 
BW was relatively large and those formulas cannot be 
recommended to be used for the two breeds investi-
gated here. It can be challenging to compare different 
formulas, and the trade-off between model complexity 
and predictive ability should be considered, i.e. a simple 
formula might not be as precise as a more complex one, 
but it might be easier to use in practice. Furthermore, 
based on the analysis performed in this study, the MB 
and SB deviations as well as the Bland–Altman analysis 
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Fig. 2 Bland–Altman plot of the measured and estimated body weight (BW). The BW of Icelandic and Warmblood horses was estimated only based 
on heart girth. The y‑axis is the difference between the measured and estimated BW (mean ± SD) and the x‑axis is the average of the measured and 
estimated BW. The grey area represents the 95% confidence interval
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Caroll and Huntington [7]
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Icelandic horses:
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Fig. 3 Bland–Altman plot of the measured and estimated body weight (BW). The BW of Icelandic and Warmblood horses was estimated based on 
length of the body and heart or umbilical girth. The y‑axis is the difference between the measured and estimated BW (mean ± SD) and the x‑axis is 
the average of the measured and estimated BW. The grey area represents the 95% confidence interval
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can be used to identify the strength and weakness of 
a formula. In general, the MB was larger than the SB 
deviation and this was also reflected in the Bland–Alt-
man analysis were only few formulas had a mean close 
to zero (indicating whether and to what extent the BW 
is over- or underestimated).

Out of the formulas only using heart girth, the larg-
est CCC was found when using the formulas from Mar-
cenac and Aublet [10] and Willoughby [12]. Furthermore, 
the formula from Marcenac and Aublet [10] resulted in 
a mean value closer to zero based on the Bland–Altman 
analysis for both breeds than the one by Staun [11] which 
either over- (Warmblood) or underestimated (Icelandic) 
BW. Therefore, the results of this study suggest that the 
formulas from Marcenac and Aublet [10] and Willoughby 
[12] give the most accurate estimates of BW for both Ice-
landic and Warmblood horses when only heart girth is 
measured. For the Icelandic horses the CCC was largest 
for the formula from Willoughby [12] as compared to 
that of Marcenac and Aublet [10], whereas the opposite 
applied for the Warmblood horses.

There are several weight tapes available on the market 
which estimate BW based on heart girth only. Hoffman 

et  al. [9] found no difference between BW estimated 
with a weight tape and measured BW in a small group 
of Icelandic horses (n = 13). In another study on Icelan-
dic horses (n = 254) with different BCS, Jensen et al. [4] 
found that two weight tapes of different brand gave dif-
ferent results (BW was not measured), but with increas-
ing BCS both heart girth and estimated BW increased. 
This highlights the strength and weaknesses of BW for-
mulas. A weakness is that BWF only provide an estimate 
of the BW and the result will differ depending on which 
BWF that is used. However, a strength is that BWF (and 
weight tapes) can be an appropriate tool to estimate dif-
ferences in BW among individual animals, or changes in 
BW over time in a single individual animal, if no weight 
scale is available. Ellis and Holland [5, 24] did also find 
different estimates of BW when using different brands 
of weight tapes and they suggested that height specific 
weight tapes should be used. Reavell [25] found that 
including length of the body when estimating BW in a 
group of horses of mixed breeds (n = 30) would improve 
the accuracy of the estimated BW. Hence, including other 
measurements than heart girth seems logic because of 
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Warmblood horses:
Catalano et al. [18] - Horse
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Fig. 4 Bland–Altman plot of the measured and estimated body weight (BW). The BW of Icelandic and Warmblood horses was based on height at 
withers and heart girth alone or combined with length of the body and neck circumference. The y‑axis is the difference between the measured and 
estimated BW (mean ± SD) and the x‑axis is the average of the measured and estimated BW. The grey area represents the 95% confidence interval
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the large variation in conformation both between breeds 
and within breeds.

Among formulas including length and heart or umbili-
cal girth, the one suggested by Carroll and Huntington [7] 
(n = 372) gave the best estimate of BW for both Icelandic 
and Warmblood horses, (the CCC was relatively higher 
for this formula than the others). It was also clear that the 
formula from Ensminger [13] had a low CCC and a high 
MB for the two breeds, and this was also present for the 
one from Jones et al. [15] for Warmblood horses. Carroll 
and Huntington [7] fitted the denominator, also known as 
the “Y” derivative, in their formula to obtain an accurate 

Table 3 Results from  the  statistical  analysisd of  the  different formulas used to  estimate body weight (BW) of  Icelandic 
and Warmblood horses

a In the original reference units are in inches (in) and pounds (lb). 
b If BCS < 2.5 out of 5 use Y derivative 12,265, if BCS ≥ 3 out of 5 then use Y derivative 11,706
c Measurements are illustrated in Fig. 1
d Root mean square prediction error (RMSPE), RMSPE to standard deviation of the measured BW ratio (RSR), mean bias (MB) and slope bias (SB) deviations, 
concordance correlation coefficient (CCC), standard deviation (SD)
e Results from the Bland–Altman analysis [22]

References Measurementsc Breed RMSPE, kg RSR MB, % SB, % CCC Mean ± SD,  kge

Marcenac and Aublet [10] G2 Icelandic 25.4 0.87 32.4 19.5 0.71 14.4 ± 21.1

Warmblood 37.2 0.71 4.6 17.1 0.76 8.1 ± 36.9

Staun [11] G2 Icelandic 37.7 1.29 70.4 7.8 0.52 − 31.8 ± 20.7

Warmblood 38.7 0.74 30.6 1.1 0.67 21.2 ± 32.7

Willoughbya [12] G2 Icelandic 20.5 0.70 0.6 35.0 0.80 1.7 ± 28.9

Warmblood 42.0 0.80 23.9 19.8 0.74 − 20.6 ± 37.1

Ensminger [13] G1 + L1 Icelandic 65.6 2.25 89.9 5.0 0.32 62.2 ± 21.2

Warmblood 101.0 1.92 89.5 2.0 0.33 95.6 ± 33.1

Jansson [14] G2 + L2 Icelandic 29.1 1.00 46.7 20.0 0.67 − 19.9 ± 21.6

Warmblood 51.3 0.98 61.0 7.4 0.65 − 40.2 ± 32.4

Carroll and  Huntingtonb [7] G2 + L1 Icelandic 21.1 0.72 20.1 21.5 0.78 9.4 ± 19.1

Warmblood 36.2 0.69 32.7 6.1 0.78 20.7 ± 30.1

Jones et al. [15] U + L1 Icelandic 31.8 1.09 44.6 28.2 0.66 21.2 ± 23.9

Warmblood 84.0 1.60 85.4 1.6 0.39 77.7 ± 32.5

Martin‑Rosset [16] H + G2 Icelandic 18.9 0.65 11.5 1.1 0.76 − 6.4 ± 18.1

Warmblood 61.7 1.17 77.3 1.2 0.46 54.2 ± 29.7

Martinson [17]
Catalano [18]

H + NC + G1 + L1 Icelandic 19.6 0.67 53.9 2.7 0.80 14.4 ± 13.5

H + NC + G1 + L1 Warmblood 32.0 0.61 28.9 0.1 0.79 − 17.2 ± 27.3

Table 4 Plasma concentrations of leptin, insulin and cortisol 
in Icelandic and Warmblood horses

Values are presented as least-square means ± standard error of the mean

Warmblood 
horses 
(n = 38)

Icelandic horses (n = 35) P-value

Leptin (ng/mL) 0.350 ± 0.037 0.657 ± 0.039 < 0.001

Insulin (µU/mL) 7.16 ± 1.39 14.33 ± 1.45 < 0.001

Cortisol (ng/mL) 39.96 ± 2.11 38.94 ± 2.19 0.74

Table 5 Spearman’s rank correlation coefficient  (rs) 
between the measured  variablesa in Icelandic and Warmblood 
horses (n = 73)

a Measured variables: CNS: cresty neck score; BCS (0–5): body condition score on 
scale 0–5; BCS (1–9): body condition score on scale 1–9; BW, leptin, insulin and 
cortisol.

Correlation variables rs P-value

Leptin × CNS 0.37  < 0.01

Leptin × BCS (1–5) 0.38 0.01

Leptin × BCS (1–9) 0.34 0.01

Insulin × CNS 0.32  < 0.01

Insulin × BCS (1–5) 0.30 0.01

Insulin × BCS (1–9) 0.10 0.42

Cortisol × CNS 0.05 0.69

Cortisol × BCS (1–5) 0.05 0.70

Cortisol × BCS (1–9) − 0.09 0.44

Leptin × insulin 0.60  < 0.001

Leptin × cortisol 0.04 0.71

Insulin × cortisol 0.12 0.30

CNS × BCS (1–5) 0.70  < 0.001

CNS × BCS (1–9) 0.48  < 0.001

BCS (1–5)  × BCS (1–9) 0.58  < 0.001
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BW. Other authors have suggested the use of alternative 
“Y” derivatives to be more accurate for estimating BW 
depending on their study population [9, 26]. However, it is 
likely that an alternative “Y” derivative in most cases will 
improve the estimate of BW depending on e.g. sample size 
and type of equines used in the study. Therefore, the for-
mula by Carroll and Huntington [7] is to recommend for 
both breeds if both length and heart girth is measured.

Further, more morphometric measurements such as 
height and neck circumference have been included in BW 
formulas in an attempt to enhance the accuracy of BW 
estimations [17, 18]. The formula including height and 
heart girth from Martin-Rosset [16] was accurate for Ice-
landic horses, but the opposite was found for Warmblood 
horses, where the MB was high. The complex formulas 
suggested by Martinson et al. [17] (n = 53) and Catalano 
et al. [18] (n = 89) were both accurate for estimating BW 
of Icelandic and Warmblood horses, respectively, in this 
study. However, their complexity might be a challenge 
when the formulas are applied to practise, because more 
measurements are required.

A challenge with BW formulas is the large number of 
horse breeds and the differences in conformation between 
them that makes it difficult to develop a single formula 
suited for all horses. Icelandic horses are purebred whereas 
Warmblood horses rather represent a type of horse as they 
originate from a mix of horses from different breeding 
associations with open studbooks. Therefore, large differ-
ences in conformation (e.g. height, length of body, light or 
heavy build) that might affect BW occur among Warm-
blood horses. The average BCS and CNS will affect the 
estimate of BW and these measurements had higher values 
for the Icelandic horses than the Warmblood horses in this 
study suggesting a higher body fat content. A large number 
of horses covering the entire range of BCS and CNS would 
be required if breed specific formulas should be developed, 
and therefore no new formulas are suggested based on the 
results of this study. However, this study showed that for-
mulas developed for other breeds can be used for Icelan-
dic horses, and the accuracy of the formulas were at the 
same level as for the Warmblood horses in this study. The 
simple formulas from Willoughby [12] and Carroll and 
Huntington [7] as well as the more complex formula from 
Catalano et  al. [18] performed better (higher CCC) than 
the other formulas for Icelandic horses. Interestingly, there 
was clear differences in the MB and SB deviations between 
the three formulas. As complexity increases it might be 
more difficult to apply formulas to practice, e.g. measur-
ing body length accurately might be difficult if a person is 
alone and more measurements require more sophisticated 
calculations.

Different subjective methods have been used to evalu-
ate body fat accumulation in horses and ponies, and the 

most commonly used is the 9-point Henneke BCS sys-
tem originally developed for use in Quarter horse brood-
mares, where BCS is categorized on a scale from 1 (poor) 
to 9 (extremely fat) [2]. The two BCS systems used in this 
study were strongly correlated, indicating that both can 
be used to describe BCS of Icelandic and Warmblood 
horses. A 5-point BCS system is commonly used in Ice-
land [27], however, the original paper is only available 
in Icelandic language, thus limiting its use. A translation 
of the system and a comparison to other systems would 
help for standardizing BCS of Icelandic horses.

There was only an effect of breed, not BCS, on insulin 
and leptin concentrations. An explanation might be that 
more variation in BCS is needed than that found in the 
present study population. The differences in BCS and 
CNS for Icelandic and Warmblood horses might still 
explain the differences in plasma concentrations of lep-
tin and insulin between the two breeds, as leptin is an 
adipose tissue derived hormone related to the regula-
tion of energy balance and it has been found that plasma 
leptin increases with increasing BCS in horses [20, 28] 
as found in this study. Ragnarsson and Jansson [29] did 
also find higher plasma concentrations of insulin in Ice-
landic horses with a BCS of ~ 7.4 (on the 9-points scale) 
than in Standardbred horses with a BCS of ~ 4.5, and they 
suggested that this relationship was due to differences in 
BCS more than breed differences. Furthermore, it has 
been found that leptin and insulin are correlated [30] in 
accordance with the results presented here. Since there 
were differences in BCS between the two breeds, it could 
have been interesting to test the horses for insulin regula-
tion, as obesity and insulin dysregulation are important 
risk factors related to equine metabolic syndrome and 
endocrinopathic laminitis in horses [31]. This study has 
highlighted some simple tools for monitoring BW, an 
important measure when monitoring the nutritional sta-
tus of horses for minimizing the risk of diseases.

Conclusions
Body weight formulas only give an estimate of body 
weight and not a completely correct determination. In 
conclusion, this study showed that some simple and more 
complex formulas can be used for Icelandic horses even 
though they are not developed for this breed. Complex 
formulas using four morphometric measurements were 
accurate, but simple formulas using only heart girth, 
or heart girth and length can be used to estimate body 
weight and thereby be applied to weight tapes and used 
to estimate the body weight of both Icelandic and Warm-
blood horses. Plasma concentrations of leptin and insu-
lin were higher for the Icelandic than the Warmblood 
horses, probably reflecting higher body fat content as 
suggested by the differences in BCS.
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BW: body weight; BCS (0–5): body condition score on scale 0–5; BCS (1–9): 
body condition score on scale 1–9; CCC : concordance correlation coefficient; 
CNS: cresty neck score; G1: heart girth at withers; G2: heart girth at slope; H: 
height at withers; L1: length from point of shoulder to point of hip; L2: length 
from point of elbow to point of hip; Max: maximum; MB: mean bias; Min: 
minimum; NC: neck circumference; RMSPE: root mean square prediction error; 
RSR: RMSPE to standard deviation of the measured BW ratio; SB: slope bias; SD: 
standard deviation; U: umbilical girth.

Acknowledgements
The authors would like to thank all horse owners for participation in this study, 
and Clementina Alvarez for help with the statistical analysis.

Prior publication
Data have not been published previously.

Authors’ contributions
RBJ and LLR conceived the study, collected data, participated in verification of 
the data and drafted the manuscript. RBJ carried out descriptive statistics. AHT 
helped to conceive the study and draft the manuscript. All authors read and 
approved the final manuscript.

Funding
This project was co‑funded by the Danish Horse Levy Fund.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Ethics approval and consent to participate
Horse owners volunteered to participate in this study and sampling of blood 
was approved by the Danish Veterinary and Food Administration (application 
no. 2012–15‑2934–00,392).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Veterinary and Animal Sciences, Faculty of Health and Medi‑
cal Sciences, University of Copenhagen, 1870 Frederiksberg C, Denmark. 
2 Department of Animal and Aquacultural Sciences, Faculty of Bio Sciences, 
Norwegian University of Life Sciences, 1433 Ås, Norway. 

Received: 15 January 2019   Accepted: 17 December 2019

References
 1. Thatcher CD, Pleasant R, Geor R, Elvinger F, Negrin K, Franklin J, et al. 

Prevalence of obesity in mature horses: an equine body condition study. 
Anim Physiol Anim Nutr. 2008;92:222.

 2. Wyse CA, McNie KA, Tannahil VJ, Murray JK, Love S. Prevalence of obesity 
in riding horses in Scotland. Vet Rec. 2008;162:590–1.

 3. Owers R, Chubbock S. Fight the fat! Equine Vet J. 2013;45:5.
 4. Jensen RB, Danielsen SH, Tauson AH. Body condition score, morphomet‑

ric measurements and estimation of body weight in mature Icelandic 
horses in Denmark. Acta Vet Scan. 2016;58:19–23.

 5. Ellis JM, Hollands T. Accuracy of different methods of estimating the 
weight of horses. Vet Rec. 1998;143:335–6.

 6. Asquith RL, Johnson EL, Kivipelto J, Depew C. Erroneous weight estima‑
tion of horses. In: Proceedings of the annual convention of the American 
Association of Equine Practitioners. 1991; p. 599–607.

 7. Carroll CL, Huntington PJ. Body condition scoring and weight estimation 
of horses. Equine Vet J. 1988;20:41–5.

 8. Wagner EL, Tyler PJ. A comparison of weight estimation methods in adult 
horses. J Equine Vet Sci. 2011;31:706–10.

 9. Hoffman G, Bentke A, Rose‑Meierhofer S, Ammon C, Mazetti P, Harderson 
GH. Estimation of the body weight of Icelandic horses. J Equine Vet Sci. 
2013;33:893–5.

 10. Marcenac LN, Aublet H. Encyclopedia du Cheval. Paris: Maloine; 1964. p. 
102–104.

 11. Staun H. Equine nutrition [in Danish]. Copenhagen: Biofolia; 2004.
 12. Willoughby DP. Growth and nutrition in the horse. South Brunswick, UK: 

A. S. Barnes; 1975.
 13. Ensminger ME. Horses and horsemanship. Danville: The Interstate Printers 

& Publishers; 1977.
 14. Jansson A. Feeding recommendations for horses [in Swedish]. Tabergs 

Media Group AB, Jönköping: Swedish University of Agricultural Sciences; 
2011.

 15. Jones RS, Lawrence TL, Veevers A, Cleave N, Hall J. Accuracy of predic‑
tion of the live weight of horses and body measurements. Vet. Rec. 
1989;125:549–53.

 16. Martin‑Rosset W. Equine nutrition [in French]. Paris: INRA; 1990.
 17. Martinson KL, Coleman RC, Rendahl AK, Fang Z, McCue ME. Estimation of 

body weight and development of a body weight score for adult equids 
using morphometric measurements. J Anim Sci. 2014;92:2230–8.

 18. Catalano DN, Coleman RJ, Hathaway MR, McCue ME, Rendahl AK, Hansen 
AM, et al. Estimation of actual and ideal bodyweight for adult draft and 
warmblood horse breeds using morphometric measurements. J Equine 
Vet Sci. 2015;35:423–4.

 19. Henneke DR, Potter GD, Kreider JL, Yeates BF. Relationship between con‑
dition score, physical measurements and body fat percentage in mares. 
Equine Vet J. 1983;15:371–2.

 20. Carter RA, Geor RJ, Burton Staniar W, Cubitt TA, Harris PA. Apparent 
adiposity assessed by standardised scoring systems and morphometric 
measurements in horses and ponies. Vet J. 2009;179:204–10.

 21. Jensen RB, Austbø D, Blache D, Bach Knudsen KE, Tauson AH. The effect of 
feeding barley or hay alone or in combination with molassed sugar beet 
pulp on the metabolic responses in plasma and caecum of horses. Anim 
Feed Sci Technol. 2016;214:53–655.

 22. Bland MJ, Altman DG. Statistical methods for assessing agree‑
ment between two methods of clinical measurement. The Lancet. 
1986;10:307–10.

 23. Niu M, Kebreab E, Hristov AN, Oh J, Arndt C, Bannink A, et al. Prediction of 
enteric methane production, yield, and intensity in dairy cattle using an 
intercontinental database. Global Change Biol. 2018;24:3368–89.

 24. Ellis JM, Hollands T. Use of height‑specific weigh tapes to estimate the 
bodyweight of horses. Vet Rec. 2002;150:632–4.

 25. Reavell DG. Measuring and estimating the weight of horses with tapes, 
formulae and by visual assessment. Equine Vet Educ. 1999;11:314–7.

 26. Milner J, Hewitt D. Weight of horses: improved estimates based on girth 
and length. Can Vet J. 1969;10:314–6.

 27. Stefánsdóttir GJ, Björnsdóttir S. Body condition scoring of horses [in 
Icelandic], special issue. Eiðfaxi‑Ræktun. 2001;1:60–5.

 28. Buff PR, Dodds AC, Morrison CD, Whitley NC, McFadin EL, Daniel JA, et al. 
Leptin in horses: tisssue localization and relationship between peripheral 
concentrations of leptin and body condition. J Anim Sci. 2002;80:2942–8.

 29. Ragnarsson S, Jansson A. Comparison of grass haylage digestibility and 
metabolic plasma profile in Icelandic and Standardbred horses. J Anim 
Physiol Anim Nutr. 2011;95:273–9.

 30. Pratt‑Phillips SE, Owens KM, Dowler LE, Cloninger MT. Assessment of rest‑
ing insulin and leptin concentrations and their association with manage‑
rial and innate factors in horses. J Equine Vet Sci. 2010;30:127–33.

 31. Durham AE, Frank N, McGowan CM, Menzies‑Gow NJ, Roelfsema E, Ver‑
vuert I, et al. ECEIM consensus statement on equine metabolic syndrome. 
J Vet Intern Med. 2019;33:335–49.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Weight estimation and hormone concentrations related to body condition in Icelandic and Warmblood horses: a field study
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Methods
	Experimental design and animals
	Morphometric measurements
	Formulas
	Cresty neck and body condition score
	Blood samples and hormone analysis
	Calculations and statistical analyses

	Results
	Discussion
	Conclusions
	Acknowledgements
	References




