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Abstract
Background: Dystocia has serious consequences for both mother and off-
spring. This study therefore aimed to identify risk factors for dystocia in vagi-
nally delivered spring born beef calves in Great Britain (GB).
Methods: Information on calving assistance, calf sex, birthweight, breed,
twinning, dam parity and body condition score (BCS) was collected from 1131
calves across 84 GB farms. Variables were modelled against calving assistance
as a binary response variable.
Results: Twins (Odds Ratio [OR] = 5.45), Charolais calves (OR = 3.24), calves
from primiparous dams (OR = 5.75) and male calves (OR = 1.75) were at
significantly increased risk of requiring calving assistance across all models.
Calves born to cows classed as thin (BCS < 2.5/5) were identified in the uni-
variate analysis and in one of the multivariate models (OR = 1.92) as having
an increased likelihood of dystocia.
Conclusions: Most beef herds have limited scope to manage cows on the basis
of fetal gender and number. However, calf breed, dam body condition and
management of primiparous dams can be manipulated to reduce the risk of
dystocia and improve supervision. Poor body condition is a novel risk factor
for dystocia in beef cows and worthy of further investigation.

1 INTRODUCTION

Dystocia has serious consequences for both the dam
and her offspring. In cattle, there is a direct impact on
the calf’s lifetime production and on the cow’s future in
the herd. Calves born following a difficult calving have
lower production and higher mortality in both the
dairy and beef sectors1 and are less likely to stand and
walk in under 3 h of birth.2 Assistance at calving also
has a negative impact on the cow’s future fertility,3–5

which can lead to increased culling and replacement
rates.6

Risk factors for dystocia can be divided into those
of maternal and those of fetal origin.7 Maternal risk
factors can be further subdivided into problems with
expulsion, for example uterine inertia or hypocal-
caemia, and obstructions, for example an undersized
pelvis or uterine torsion. Fetal risk factors can be sub-
divided into fetal oversize, abnormal presentation and
malformations.

The current research evidence on the effects of
nutrition during pregnancy on dystocia are conflict-
ing. Previous studies have failed to demonstrate any

association between cow body condition score (BCS)
and bodyweight on dystocia in mature Holstein-
Friesian cows, 8,9 but that performance in terms of
fertility and milk yield post-calving in heifers and cows
can be negatively affected by increased BCS/weight
gain around calving.6,10–12 Anecdotally, there is a
widespread belief that animals with an increased BCS
have a higher likelihood of requiring assistance at
calving13,14 and there is at least one study that has
demonstrated that a BCS over 3.5 (on a 5-point scale)
is a significant predictor of calving assistance in dairy
cows.15 Interestingly, body condition loss towards the
end of pregnancy has been associated with higher
dystocia rates.16

In addition to cow body condition, there is much
focus on the impact of dam nutrition on calf birth-
weight as a risk factor for dystocia. Feeding a higher
level of total digestible nutrients during pregnancy has
been shown to have no significant impact on the lev-
els of dystocia, despite an increase in calf weight.17

However, the literature is conflicting, with other work
showing that a diet high in crude protein results in a
significant increase in both the level of dystocia and
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size of calves.18 Heifers fed on a high plane of nutri-
tion have also been shown to have increased calf birth
weights. However, the impact on dystocia is inconsis-
tent, with one study reporting heifers on a low plane
of nutrition as having an increase in calving problems
8 whereas another study found no difference in level
of calving assistance.19 Calf birthweight can be manip-
ulated experimentally, with reduced birthweight in
calves born to mature cows fed restricted rations in
the second and third trimester, compared to non-
restricted rations or restriction in the second trimester
alone,20 with another study showing that cows on low
energy and low crude protein rations for the second
trimester had lower calf birthweights.21 However, nei-
ther study mentions the level of calving assistance
required. Restricting the access time for silage feeding
in Holstein-Friesian cows in the last trimester of preg-
nancy has been reported to lead to more difficult calv-
ings and stillbirths,22 while underfed heifers have an
increased rate of dystocia, or an increased level of vari-
ability in assistance required.23,24

With respect to other risk factors, male calves and
twinning have been shown to increase the risk of
requiring assistance at calving.3,25 Calves sired by
Charolais, Simmental, Limousin and South Devon
bulls have also been reported to experience more calv-
ing difficulty than Hereford and Jersey sired calves;
however, these data are nearly 50 years old and may
not reflect current breeds.3 Other studies have deemed
dam breed to be more accountable for variations in
calving ease than sire breed.26 Dam parity is a con-
sistent predictor of calving ease, with younger animals
being at higher risk of calving difficulties.3,25,27–30

Breeding plans are often implemented on commer-
cial cattle farms, with calving ease estimated breeding
values (EBVs) as a main consideration for natural ser-
vice or artificial insemination (AI) bull selection. Beef
calving ease EBVs are composed of two components:
maternal calving ease (or calving ease of daughters)
and calving ease direct.31 Calving ease directly predicts
the proportion of a sire’s offspring that will be born
from an unassisted calving.31 It has been estimated
that the genetic components of calving ease make up
about 25% of the risk of dystocia, while the other 75%
comes from management of the cow.32

The objective of this study was to examine the fetal
and maternal risk factors for dystocia in vaginally
delivered spring born beef suckler calves, with the aim
of identifying those risk factors that could be con-
trolled and thus reduced on commercial beef farms in
Great Britain.

2 MATERIALS AND METHODS

All animal work was approved by the R(D)SVS Veteri-
nary Ethical Review Committee (Reference 102-17).

As part of a separate project to assess failure of
passive transfer (FPT) in beef calves,33 a conve-
nience sample of 84 spring calving beef farms from
Great Britain (GB) were enrolled in the winter of

2017/18 through their veterinary practices (74 farms)
or the Agriculture and Horticulture Development
Board (AHDB) strategic farm programme (10 farms).
Farms were eligible if herd size and calving pattern
meant that 15 calves at 2–5 days old could be blood
sampled by their veterinary surgeon at two visits
in spring 2018 for the quantification of serum IgG
concentration. Standardised sampling kits includ-
ing weighbands and data collection forms were
sent to the farm’s own veterinary surgeon, who was
responsible for collecting the samples and farm data.
In total, data were obtained from 1131 calves and
984 cows.

The following information was collected for each
calf that was blood sampled: sex, breed, whether they
were a twin or not, ease of calving (4 point scale – 1:
No assistance, 2: Easy assistance, 3: Hard pull/calving
jack required, 4: Caesarean section), the weight of
the calf at sampling (indirectly assessed using heart
girth measurement34 or by use of weigh scales on
some farms), the parity of the dam (heifer or cow)
and the BCS of the dam (scale 1.0–5.035). Calves were
chosen randomly as a convenience sample for the
age range required, excluding calves born by Cae-
sarean section. Caesarean sections were excluded as
they had already been shown to be an important
risk factor for FPT in calves.36 This dataset therefore
provided a unique opportunity to examine the risk
factors for calving assistance in commercial suckler
herds, where the result was a live, vaginally delivered
calf.

Data were initially stored in tabular format. Data
analysis and visualisation was performed using
R studio37 and packages ‘ggplot2’,38 ‘tidyverse’,39

‘reshape2’,40 ‘afex’,41 ‘lme4’,42 ‘ggpubr’,43 ‘EnvStats’,44

‘forcats’,45 ‘fmsb’,46 ‘dplyr’47 and pROC.48 Univariate
statistical analysis of individual calf level risk factors
used relative risk analysis to determine significance for
calves with calving assistance. Statistical significance
was taken as p < 0.05.

In order to eliminate the subjective interpretation of
an easy versus a hard assisted calving, calving assis-
tance was converted into a binary explanatory vari-
able of no assistance or assisted calving. Calf breed
was recorded, with 32 different breeds classified. A
full table of the calves and breed numbers is provided
in Supplementary Table 1. As some breeds only had
as few as one calf included, the breeds were reclassi-
fied into those with at least 50 calves per breed (pure
and cross breed) and the other levels combined into
an ‘Other’ category for modelling purposes (Aberdeen
Angus – 251 calves, South Devon – 50 calves, Charolais
– 160 calves, Limousin – 163 calves, Simmental – 196
calves, Other – 296 calves).

The BCS of the dam was grouped into classes based
on industry recommendations, with BCS < 2.5 classed
as ‘thin’, BCS 2.5–3.5 classed as ‘ideal’ and BCS > 3.5
classed as ‘fat’.15,35 Calf weight was initially assessed as
a continuous variable, and then subsequently using a
41-kg threshold value taken from work that described
an increased incidence of dystocia above 41 kg.49 The
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F I G U R E 1 Distribution of birth weights of 1131 spring born suckler calves from 84 GB farms in 2018. (a) Calf weight expressed as a
proportion of herd average adult cow weight (CWAWR, percent), with lower (red) and upper (blue) quartile thresholds marked. (b) Cow weight
(kg) from pregnant adult cows on each farm. (c) Calf birthweight (kg) from calves sampled on each farm

calf weight data were also split into quartiles and
interquartile range for further analysis. Calf weight was
also analysed taking into account the average size of
the cows on farm. Dam weight was taken as the aver-
age weight of 12 cows in late pregnancy in each herd
measured using heart girth measurement at the start
of the study. Calf weight was therefore also calculated
as a proportion of the average adult cow weight for
each farm, termed the calf weight to adult weight ratio
(CWAWR).

Subsequent multivariate analysis used generalized
linear mixed models (GLMM) fit by maximum likeli-
hood with Laplace approximation ‘glmerMod’. The risk
factors above were included as fixed effects and farm
as a random effect. Interactions between variables
were not considered biologically plausible. Stepwise
removal of variables was performed on the basis of the
effect their removal had on the model Akaike infor-
mation criterion (AIC), with a significant effect classed
as an increase in AIC of >10. Once a variable had a
significant negative effect on the model, the stepwise
removal was halted and the final model produced.
ROC curve analysis using the package ‘pROC’48 was
performed on the CWAWR to try and calculate whether
there was an optimum cut-off value that would be
predictive of calving assistance. CWAWR was mod-
elled using the inter quartile range (IQR) as an opti-
mum cut-off value could not be determined and when
included as a continuous variable, the models failed to
converge.

3 RESULTS

3.1 Descriptive analysis

One thousand one hundred thirty-one calves were
assessed from 84 farms across GB. Mean herd size was
132 cows (range 20–1100). Nine hundred twenty-three
calves were reported to have required no assistance
at calving (82.2%); 202 calves required assistance at
calving (17.8%). Fifteen per cent (140/939) of calves
born to multiparous cows required assistance at calv-
ing compared to 34% (57/166) of calves born to primi-
parous heifers. The median dam BCS was 3 (mean 2.9;
range 1.5–4.5). The distribution of BCS is provided in
Supplementary Table 2. Out of the 1131 calves sam-
pled, there were 45 calves recorded as being twins.

Calf birthweight ranged from 25 to 96 kg
(median = 47 kg, mean = 49 kg), measured either indi-
rectly by heart girth measurement34 or directly with
the use of weigh scales. Cow average weight ranged
from 528 to 860 kg per farm with the median = 679 kg
and mean = 686 kg. CWAWR ranged from 3.1% to
14.8% of average herd cow weight. Figure 1(a) shows
the range of CWAWR within and between farms. There
was a wide range in CWAWR between farms, indi-
cating a large variation in calf and/or cow weights
on individual farms. Figure 1(b) shows the range in
cow weights across farms as an indicator of the level
of variation expected from the cows, and Figure 1(c)
shows the variation in calf weights between farms and
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on farms. The CWAWR are plotted in order of ascend-
ing median value with the upper and lower quartile
thresholds marked (lower threshold = 6.09%, upper
threshold = 8.06%) (Figure 1(a)). The range in CWAWR
between farms is striking, with some herds with cows
averaging around 800 kg producing relatively small
calves averaging around 40 kg, versus other herds
with cows averaging around 600 kg producing calves
averaging over 50 kg. Figure 2 shows the correlation
between the CWAWR and cow weight. There is a mod-
erate negative correlation (r = −0.39) between the
variables, which is significant (p = < 0.005), indicat-
ing that larger cows produce proportionally smaller
calves.

Exploration of the original dataset of cow BCS (1–5
point scale in ½ point increments) and calving diffi-
culty (4 point scale) showed that there appeared to
be a relationship with increasing calving assistance
at lower cow BCS (Figure 3(a)). There were 102 (9%)
cows classified as thin, 920 (81%) as ideal and 75 (6%)
as fat in the study population. It is important to note
that there were only four cows (0.4%) that scored
over BCS 4.0, hence illustrating that severe obesity
at calving is not a major feature of this dataset of
spring-calving suckler cows. Due to these small group
sizes and potential discrepancies in classification of
BCS between farms, it was decided to simplify the
data for BCS (three categories: thin, ideal and fat)
and calving assistance (binary: yes, no) as seen in
Figure 3(b). There was a visual trend for thin cows to

have an increased rate of assistance at calving, with
27% (28/102) thin cows requiring assistance compared
to 17% (158/920) of cows in ideal body condition, and
this was explored further in the subsequent analysis.

Figure 4 demonstrates the relationship between
being a twin (a), the dam being a heifer or a cow (b)
and calf sex (c), and whether assistance is required at
calving or not. Male calves, twins and those born to
primiparous dams required greater assistance. Fifteen
per cent (140/939) multiparous animals compared to
34% (57/166) primiparous animals required assistance
at calving. Seventeen per cent (180/1086) calves that
were singleton calves required assistance compared to
38% (17/45) twin calves requiring assistance. Fourteen
per cent (75/524) female calves required assistance at
calving, compared to 21% (122/592) male calves.

3.2 Risk factor analysis

Calving assistance was analysed as a binary response
variable of assistance being required or not, and the
relative risk was calculated for biologically plausible
variables that may have an effect on the level of assis-
tance required, with the results summarised in Table 1.
Male calves, twins, calves born to primiparous dams,
calves born to ‘thin’ cows (BCS< 2.5), Charolais calves,
calves that were in the upper quartile of CWAWR and
the upper quartile of calf weight (55–96 kg) were all at
significantly increased risk of assistance at calving.
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T A B L E 1 Relative risk estimates for calving assistance in spring born suckler calves

Variable p-value
Relative
risk

95% Confidence
Interval

Sex Male vs. Female 0.006 1.44 1.11–1.87

Twin Twins vs. Singleton <0.005 2.28 1.53–3.39

Dam parity Heifer vs. Cow <0.005 2.30 1.78–2.99

Dam BCS Thin vs. Ideal 0.01 1.60 1.13–2.26

Fat vs. Ideal 0.58 0.85 0.49-1.50

Breed CH vs. AA 0.02 1.61 1.06–2.46

LIM vs. AA 0.22 1.32 0.84-2.06

Other vs. AA 0.25 1.26 0.85-1.87

SD vs. AA 0.07 1.72 0.96-3.08

SIM vs. AA 0.48 1.17 0.75-1.82

Calf weight >41 kg vs. < 41 kg 0.16 1.26 0.91-1.73

CWAWR Lower quartile vs. IQR 0.23 0.81 0.57-1.14

Upper quartile vs IQR <0.005 1.53 1.16–2.01

Calf weight IQR Lower quartile vs. IQR 0.66 0.93 0.65-1.31

Upper quartile vs. IQR <0.005 1.59 1.19–2.13

Values in bold indicate significance at level <0.05.

3.3 Multivariate analysis

The initial model was built using calf sex, dam
heifer/cow, twins yes/no, dam body condition
(thin < 2.5, ideal 2.5–3.5, fat > 3.5) and calf breed
(CH, AA, Other, LIM, SIM, SD), as these variables
were significantly associated with risk of calving
assistance in the univariate analysis. Calf weight was
also included, as this has been shown in previously
published studies to be a biologically plausible risk
factor. Initial models were built with calf weight as
a continuous variable; however, these models failed
to converge. Further analysis using calf weight as a
continuous variable to predict dystocia using ROC
curve analysis showed limited ability to predict a
suitable calf weight threshold (area under the curve:
AUC = 0.57), and so weight was converted to a binary
variable, using the 41 kg threshold as mentioned pre-
viously. Calf weight was also included in quartiles with
calves 25–41 kg in the lower quartile, between 41 and
55 kg in the interquartile range and 55–96 kg as the
upper quartile.

Calf weight was not significant in the first model as
a 41-kg threshold, and so it was removed as part of
the stepwise model selection. When calf weight was
included as quartiles, the upper quartile became sig-
nificant and so remained in the model with no step-
wise removal of variables performed.

Table 2 summarises these model outputs. Calves
that were born to thin cows were at significantly
increased risk of requiring assistance at calving (odds
ratio [OR] = 1.92), whereas calves born to over condi-
tioned dams were not. Being a twin (OR = 5.05), being
born to a heifer (OR= 5.63) and being male (OR= 1.63)
all increased the likelihood of a calf requiring assis-
tance at calving. Calves that fell into the upper quartile
of calf weight were at significantly increased likelihood

of requiring assistance (OR = 2.01). Only one breed
category increased the likelihood of a calf requiring
assistance at calving relative to the Aberdeen Angus
baseline category, the Charolais calves (OR = 2.44).
Aberdeen Angus was chosen as the baseline category
as it was the majority breed within this dataset, sim-
ilar to the UK suckler herd, where Aberdeen Angus
sits second in breed popularity to the Limousin
breed.50–52

Calf weight as a binary explanatory variable (thresh-
old at 41 kg) did not have a significant effect on model
fit. However when included as quartiles in model 1, the
upper quartile (55–95 kg) did have a significant impact
on the likelihood of requiring assistance at calving,
which is more in line with previous research.53,54 We
went on to explore the relationship of calf weight fur-
ther as follows. This study was conducted on a large
number of farms, where there was significant varia-
tion in dam size, with the reported herd average cow
weights ranging from 528 to 860 kg. Given this vari-
ability, it is perhaps unsurprising that a single weight
threshold would not be a reliable explanatory variable
for calving assistance. Unfortunately, in the authors’
experience, very few GB beef suckler herds have facil-
ities to weigh cattle and therefore accurate data on
cow weights was not available for this study. As heart
girth measurements were available for 12 cows from
each farm, CWAWR was introduced as an explana-
tory variable. Initially CWAWR was introduced into the
model as a continuous factor; however, these models
failed to converge. ROC curve analysis was performed
to determine whether an ideal threshold value could
be selected to convert this proportion into a binary
explanatory variable. Figure 5 shows the ROC curve for
calving assistance in relation to the CWAWR. The AUC
of 0.56 shows that the relationship between CWAWR
and calving assistance has limited power to predict
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T A B L E 2 GLMM multivariable mixed logistic model 1 outputs, with fixed effect variables, number of calves (n), number of calves
requiring assistance at calving (nAssist), p-values, and odds ratios (including 95% confidence intervals in brackets)

Model 1: Calving assistance, with calf weight as quartiles.

Random effect: Farm ID Variance: 0.81

Fixed effects
variables: Level

Number of
calves (n)

Number of calves
assisted (nAssist) p-value OR (95% CI)

Dam condition Ideal (BCS 2.5–3.5) 920 158 reference value (ref ) reference value (ref )

Fat (BCS > 3.5) 75 11 0.498 1.34 (0.57-3.12)

Thin (BCS < 2.5) 102 28 <0.05 1.92 (1.04–3.57)

Twins No 1086 180 ref ref

Yes 45 17 <0.001 5.05 (2.33–10.95)

Calf weight IQR 624 96 ref ref

Lower quartile 267 38 0.375 0.79 (0.47–1.32)

Upper quartile 237 58 <0.005 2.01 (1.28–3.17)

Calf breed Aberdeen Angus 251 35 ref ref

Charolais 160 36 <0.05 2.44 (1.13–5.28)

Limousin 163 30 0.561 1.26 (0.57–2.79)

Other 296 52 0.076 1.84 (0.94–3.59)

South Devon 50 12 0.240 2.06 (0.62–6.84)

Simmental 196 32 0.744 1.14 (0.53–2.43)

Dam Cow 939 140 ref Ref

Heifer 166 57 <0.001 5.63(3.45–9.19)=

Calf sex Female 524 75 ref ref

Male 592 122 <0.05 1.63 (1.13–2.35)

Significance is indicated in bold at the level <0.05.
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F I G U R E 5 ROC curve for calving assistance and CWAWR. Area
under the curve (AUC) = 0.56

outcome accurately on its own, and so no ideal thresh-
old value could be determined.

As the ROC curve analysis failed to produce an
ideal threshold that could be used as a cut-off value,
CWAWR values were divided into those sitting within
the interquartile range, the upper quartile and the
lower quartile for mixed model analysis. The results
for this model (Model 2) are shown in Table 3. Five
of the fixed effect variables had significant levels and
so were kept in the model. Dam condition became
non-significant in this model; however, the model AIC
worsened significantly when it was removed, and so
the final model contained all six fixed effects. Calves
that were twins, were in the upper quartile of CWAWR,
were a Charolais breed, born to a heifer or were male,
all had an increase in the probability that they required
assistance at calving.

4 DISCUSSION

Economically, assisted calvings have both direct and
indirect costs. Famer time is the first direct cost, which
is often underestimated by farmers as to the total
amount involved. Then there is the possibility of vet-
erinary involvement which will include call out fees,
professional time and medicines. Dystocia increases
the rate of stillbirths and neonatal mortality in calves
and is an important risk factor for FPT,33 which
increases the risk of mortality and infectious disease in
early life.55 There are also additional welfare consider-
ations relating to pain and discomfort for both the cow
and calf. Increased time open after calving (an increase
from slight to serious difficulty in calving increased
days open from 9.2 to 21.5 days6), decreased preg-
nancy rates9,56 and decreased milk production9,57 are
all reported in dairy cows, while poor conception rates
and reduced oestrus expression in beef cows post dys-
tocia have also been reported.3 Dystocia also results in
increased loss of bodyweight and condition in affected
Holstein-Friesian cows.9 One study into the fate of
dairy cows after difficult calvings described that 10%
of cows that died had “serious difficulties” at calving,6

whereas another described culling rates in Holstein
cows as being increased with an increase in calving
assistance score.56

This study focused on live calves that were deliv-
ered per vaginum. It was striking that nearly one in five
calves (17.8%) required assistance at calving, which is
likely an underestimate of the true rate of dystocia in
GB spring born suckler calves, given that Caesarean
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T A B L E 3 GLMM multivariable mixed logistic model 2 outputs, with fixed effect variables, number of calves (n), number of calves
requiring assistance at calving (nAssist), p-values, and odds ratios (including 95% confidence intervals in brackets)

Model 2: Calving assistance with calf weight as a proportion of herd average cow weight (CWAWR) (IQR used)

Random effect:
Farm ID Variance 0.83

Fixed effect
variables: Level

Number of
calves (n)

Number of calves
assisted (nAssist) p-value OR (95% CI)

Dam condition Ideal (BCS 2.5-3.5) 920 158 reference value (ref ) reference value (ref )

Fat (BCS > 3.5) 75 11 0.383 1.46 (0.62–3.44)

Thin (BCS < 2.5) 102 28 0.07 1.78 (0.95–3.33)

Twins No 1086 180 ref ref

Yes 45 17 <0.001 5.45 (2.49–11.93)

CWAWR Interquartile range 568 95 ref ref

Lower quartile 266 37 0.06 0.61 (0.36–1.02)

Upper Quartile 278 65 0.022 1.69 (1.08–2.65)

Calf breed Aberdeen Angus 251 35 ref ref

Charolais 160 36 0.019 2.51 (1.16–5.41)

Limousin 163 30 0.596 1.24 (0.56–2.75)

Other 296 52 0.068 1.87 (0.95–3.67)

South Devon 50 12 0.196 2.21 (0.66–7.40)

Simmental 196 32 0.722 1.15 (0.53–2.48)

Dam Cow 939 140 ref Ref

Heifer 166 57 <0.001 5.75 (3.51–9.41)

Calf sex Female 524 75 ref ref

Male 592 122 0.01 1.61 (1.12–2.33)

Significance is indicated in bold at the level <0.05.

sections and calves that died are not included in this
study. Despite these limitations, the risk factors iden-
tified in this study are still important in reducing the
proportion of calves requiring assistance at delivery
and so can still help to inform management practices
on farms.

Popular opinion currently points towards over-
conditioned cows having more problems at calving
due to physical obstruction in the pelvic canal,58 and
current industry advice is that spring calving cows
should be BCS 3.0 or below at calving,35 backed up
by other research that describes how dairy cattle with
greater BCS (>3.5) had greater difficulty at calving.15

This evidence led to the thresholds used in this paper,
with cows in BCS < 2.5 being classed as under-
weight, BCS 2.5–3.5 as being ideal target condition,
and BCS > 3.5 as being overweight.

Interestingly, calves born to “thin” cows were more
likely to have suffered from dystocia, identifying a
neglected risk factor for dystocia. This was significant
in the univariate analysis and model 1 (p = 0.037);
however, it was not significant when CWAWR was
included in model 2 (p = 0.07). The significant dete-
rioration in model AIC when body condition was
removed suggests that this is still an important pre-
dictor of calving assistance and given there were only
102 calves born to thin cows in this study, the statisti-
cal significance of this risk factor may have been more
consistent in a higher powered study. Thin cows could
have higher rates of calving assistance due to a lack of

energy around the calving period or other metabolic
disturbances. Cows could also be thin because they
have lost body condition in the run up to calving,
which is a known risk factor for dystocia.16 There was a
big range in the proportion of thin cows per farm, with
some farms having up to 73% cows being classed as
“thin” body condition. Calves that were born to cows
that were classified as “fat” were not at increased risk
of dystocia in either of the multivariate models. How-
ever, it should be noted that nearly all of the cows clas-
sified as “fat” were BCS 4.0 and so there were very few
severely obese cows in the study and hence these find-
ings may not be relevant to cows in body condition
4.5 or 5.0. This study looked at body condition across
84 commercially managed farms in England and Scot-
land, and so it seems that severe obesity was not a
major problem in most British suckler cows in the year
these results were collected (2018). The other impor-
tant consideration is that this study only examined
the risk factors for dystocia in live calves born vagi-
nally. We therefore cannot exclude ‘fat’ cows as being
at increased risk of caesarean section and/or stillbirth.

Twins have been well documented in the literature
as being at higher risk of requiring assistance during
delivery, usually as a result of malpresentation or the
lack of identification of twins prior to calving lead-
ing to prolonged stage 2 labour.3,9,29 Within this study,
twins consistently came out as a significant risk fac-
tor in the univariate analysis and both multivariate
models.
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Calf breed has previously been shown to have an
impact on calving difficulty,3 and this study found that
Charolais sired calves were at increased risk of dys-
tocia in both multivariate models, which is similar to
previous findings.3,59 Maternal factors also come into
play however, as a Charolais cow carrying a Charolais
calf would be much better suited with respect to pelvic
size than an Angus cow carrying a Charolais cross calf.
Maternal breed was not recorded in this study. Other
maternal factors include the age and growth of the
dam, with heifers being documented as being at an
increased risk of dystocia, which this study agreed with
in both modelling scenarios.

The 41-kg calf weight threshold proposed by previ-
ous authors as a risk for dystocia was not significant
in this study, and we were unable to propose a cut-off
using ROC curve analysis. When dividing calf weight
into quartiles, calves in the upper quartile (i.e. 55 kg or
greater) were at increased risk of dystocia. The CWAWR
ratio was developed as a tool to try and combine the
calf and adult weight into the analyses. Calf weight
weaned as a percentage of adult weight is a widely
used metric in the beef sector, with farms that wean
a greater proportion of the cow’s weight each year
considered to be more productive and economically
viable.60 There is a potential risk of this metric select-
ing for smaller cows that give birth to larger calves,
hence increasing the risk of dystocia. The results of
this study would suggest that herd managers should
aim to keep the CWAWR of their calves under 8% to
reduce the risk of dystocia. Monitoring CWAWR within
a herd could potentially be used alongside the calf
weight weaned as a percentage of adult weight to max-
imise productivity, whilst minimising dystocia. How-
ever, CWAWR is not without drawbacks, as it was cal-
culated in this study from an average weight of preg-
nant cattle in the herd, not the dam of the calf. This
was due to practical constraints on commercial herds;
however, future work could calculate CWAWR on an
individual dam/calf basis. This may help to define an
optimal CWAWR cut-off, particularly in herds where
there is significant variation in cow size, rather than
the use of the upper quartile in this study. The use
of CWAWR on its own would not be recommended,
as it has the potential to select for larger cows, which
by itself would increase maintenance feeding require-
ments of the herd and increase pasture damage. Taken
together, the results of this study indicate that there is
significant variation in adult cow and calf birth weights
in GB suckler herds that mean a simple calf birth
weight cut-off may not be the most appropriate met-
ric for predicting the likelihood dystocia. A measure of
calf birth weight as a proportion of adult cow weight
may, however, represent a more useful measure.

5 CONCLUSIONS

Identification of risk factors for calves requiring calv-
ing assistance is of practical value to farmers in helping
them to minimise the level of intervention required at
calving. Some risk factors identified in this and previ-

ous work, such as sex of the calf, cannot be managed
in most commercial herds. Other factors such as breed
choice are under the direct control of the herd man-
ager.

Twins are consistently identified as at risk of dysto-
cia. If a high proportion of twins are identified by rec-
tal ultrasound examination at 40–70 days gestation,61

they can be managed separately as a group to make
sure nutritional requirements are being met and to
improve supervision at calving time to provide assis-
tance earlier. The same is true of primiparous cows.

The finding in this study that thin cows are at
increased risk of dystocia has identified a commonly
neglected risk factor and highlights the importance of
ensuring that body condition is appropriately man-
aged in suckler cows. If thin cows can be identified
early in gestation, they can be managed separately
to gain condition slowly over the winter. Finally, this
study proposes the development of a new metric,
CWAWR, which is predictive of calving difficulty due
to proportionally larger calf size relative to cow size.
The hope would be that this metric can be refined and
subsequently used to help inform breeding choices
to improve efficient beef production, while trying to
limit dystocia and hence the amount of interference
required.
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