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ABSTRACT
Calving ease is an important reproductive trait in dairy production. We investigated the first five parities calving ease (CE) scores and 
various factors to identify their relationships with CE in Korean Holstein cows. We analyzed the 83,943, 69,120, 31,500, 29,003, and 
9,361 records from parity 1 through 5 provided by Dairy Cattle Improvement Center (DCIC), Korea. The categorical CE scores (1 to 
5) were also linearly transformed via the snell procedure and analyzed alongside actual scores. A generalized linear model or GLM 
analysis was performed in the R software package to estimate the significance of predictor variables. The complete models included 
the fixed effects of calf sex (SEX), calf size (SIZE), gestation length group (GLEN), dam calving age (DAGE), calving year (YR), calving 
season (SEA), and calving herd (HERD). Both actual and linear-transformed phenotypes were fitted separately for individual parity 
datasets. CE rates differed across parity. Male calves tend to have larger body sizes and longer gestation periods. As a result, males 
were also more inclined to extreme CE. However, longer gestation lengths, irrespective of sex, were also associated with greater CE. 
The GLM analysis showed that the effect of HERD, SIZE and YR are significant across parities (P<0.05). However, the SEX effect was 
only non-significant at parity 3, whereas GLEN was significant only up to parity 3. The season effect was mostly non-significant at 
P<0.05. The DAGE effect was removed by stepwise regression for all datasets. The stepwise regression also retained similar factors 
for the best-fit models. However, despite some minor variations in model parameter estimates, the identified predictor variables 
were identical across actual and modified scores. It also indicates the possible use of similar independent variables for any genetic 
evaluation, regardless of CE datatype. This is the first in depth study on factors of CE in Korean Holstein. We, therefore, believe these 
findings on significant predictors could greatly assist in designing future genetic evaluations for calving difficulty.
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INTRODUCTION
The term dystocia is from the Greek 'dys', meaning difficult, and 'tokos', meaning birth, thus expressing a calving event with difficulty involved. 

The term has many subjective case definitions and tends to vary among countries. Normal calving may be defined as spontaneous calving of 

expected duration, which on average could be 70 minutes, ranging between 30 minutes to 4 h (Naokes et al., 2001). Sometimes, dystocia is 

defined as calving difficulty resulting from prolonged spontaneous calving or prolonged or severe assisted extraction (Mee, 2004). In Korean 

Holstein cattle, the terms calving difficulty and calving ease are used interchangeably– indicating the difficulty involved in heifers or cows while 

calving. The score ranges from 1 to 5 according to the level of assistance (i.e., personnel involvement or surgical removal) rendered during the 

calving event. The higher the score, the more severe the difficulty or less the ease at calving. Often, the phenotype scale is highly variable and even 

differs within and between countries.
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The genetic evaluation of calving ease (CE) is critical due to the risks involved in dairy production, despite its categorical nature. To 

summarize the impact of CE on dairy production, it is reported that cows receiving any assistance at calving also demonstrated reduced 

subsequent fertility and productivity (Buckley et al., 2003). The financial impact of dystocia was also discussed by Dematawewa and Berger 

(1997), where it could influence production (41% of costs), fertility (34%), and cow and calf morbidity and mortality (25%). The other 

negative impacts of CE (i.e., culling, stillbirth, respiratory, and digestive disorders) were also reported in many studies (McClintock, 2004; Mee, 

2004; Lombard et al., 2007; Oltenacu et al., 1988). Many significant predictors of calving ease, such as calf birthweight, gestation length, calf 

gender, parity of dam, parental breeds, the climate during the last trimester, maternal nutrition, etc., were mentioned earlier in various reports 

(Johanson & Berger, 2003; Philipsson, 1976; Meijering, 1984; McClintock, 2004; Kertz et al., 1997; Berger et al., 1992). Previously, Alam et 

al. (2017) also estimated the genetic parameters of CE in Korean Holstein heifers. However, they did not elaborate on the individual predictors 

responsible for CE.

In South Korea, the evaluation of CE is particularly important for another reason. As a member country in interbull genetic evaluation, 

integrating CE in the Korean national evaluation model alongside major production traits would also enable Korean breeders to compare 

Korean bulls' genetic ability with other international Holstein bulls. However, no national evaluation model accounts for the CE trait in Korean 

Holsteins. For this reason, investigating and selecting primary model terms or systematic factors responsible for CE is a prerequisite and will 

be a significant first step in further evaluations. It would allow the formulation of future genetic evaluation models for CE. Therefore, this study 

aimed to investigate the distribution of CE, identify the importance of various genetic and non-genetic factors, and propose a list of factors for 

future CE trait evaluation in Korean Holstein cattle.

Materials and Methods

1. Animals, calving ease scores, linear transformation of scores, and data screening
A total of 83,943, 69,120, 31,500, 29,003, and 9,361 CE observations in the first five parity Korean Holstein cows were analyzed. The CE 

data, collected between 2000 and 2021, was provided by the Dairy Cattle Improvement Center (DCIC) in the Republic of Korea. As mentioned 

earlier, the CE phenotype is comprised of five levels such as CE of 1 (non-assisted calving), 2 (slightly assisted calving: 1 person), 3 (moderately 

assisted calving: 2 to 3 persons), 4 (difficult calving: >3 persons), 5 (extremely difficult calving or surgical removal involved). We also 

performed a linear transformation of the discrete CEs via the snell scoring method (Snell, 1964; Alam et al., 2017) for each parity phenotype 

(Table 1). Some details on the snell score transformation are given by Alam et al. (2017). To summarize, this conversion would account for an 

underlying continuous distribution of CE phenotype and help attain a better normal distribution instead of a skewed distribution of CE. The 

snell procedure assumes a latent continuous scale between the interval of ordered categories, and each transformed score represents the middle 

of the interval. We, however, forced the score range of calving ease to scale between 0 to 100%, such that a score of 0% would express the least 

calving difficulty (CE of 1) and 100% would denote the highest calving difficulty (CE of 5), but in a continuous uneven scale between levels. 

The final datasets are prepared based on the following restrictions. Only single-born calving events were allowed to stay in the dataset. The final 

datasets consist of calving records between 260 and 296 days of gestation lengths. The calving age was also constrained between 20 & 36 mo, 

30 & 54 mo, 42 & 66 mo, 54 & 78 mo, and 66 & 90 mo for 1st, 2nd, 3rd, 4th, and 5th parities, respectively.
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2. Factors of interest
We considered several genetic and non-genetic predictors (factors) of calving ease for fitting into the statistical models. These predictors were 

calf sex, calf size at birth, calving herd (farm), calving year, calving season, gestation length of the dam, and calving age. The fixed effect of 

calf sex (SEX) was fitted, assuming a potential influence of progeny's sex on the calving event. For calf size (SIZE) as a fixed effect, the effect 

included three categories- small, medium, and large birth sizes based on the farmer observations during the calving event. Generally, calf birth 

weights are known to be more closely related to the calf's physical dimension. However, as the present study lacks calf birthweight information, 

we assumed the calf size as a reasonable proxy to the birthweights as a predictor. The gestation length of the dam, between 260 to 296 days, 

was converted into three categories, i.e., short (<275 days), normal (275-281 days), and long (>281 days). The fixed effect of dam calving age 

(DAGE), grouped by month, was included to identify any possible influence of a cow's maturity level on her subsequent calving event. As 

for non-genetic predictors of CE, the effects of farms/herd (HERD), calving year (YR), and calving season (SEA) were fitted as fixed effects. 

Given the large number of levels for the calving herd-year-season effect (HYS), typically included in many dairy genetic evaluation models, 

it was computationally challenging to fit any statistical model in this study. We, however, controlled for HYS and reduced the herd numbers 

across parities. The restriction includes a minimum of two records (parity 4 and 5) and three records (parity 1 to 3) per HYS group. This 

restriction allowed the statistical computation to be feasible with models including the herd effect. The slight ease of restriction in later parities 

was due to lesser records in those datasets.

3. Statistical Analysis

1) Relationships among predictor variables

Before statistical significance testing, the variance inflation factor (VIF) analyses were performed on each dataset via fitting a GLM model 

CE as a response with all predictors except herd effect due to its large levels. The glm function in R (http://www.r-project.org/) and the 

vif function in the package 'car' in R (Fox & Weisberg, 2019) was used for the VIF analysis. The VIF analysis is used to detect any severe 

multicollinearity between predictor variables. Any predictors exceeding a VIF value of 4 were considered for removal for further data analyses 

as a general rule of thumb. Our VIF analysis showed that most predictors had an acceptable range of relationships in each parity dataset, 

therefore, were not excluded from further analysis (Table 2).

Table 1. Estimates of linear transformed calving ease scores in actual snell and percent snell scales
Calving ease score

1 2 3 4 5
Snell Scores (actual scale)

Parity 1 -2.356 2.004 5.298 7.455 9.323
Parity 2 -2.658 1.548 4.124 5.538 6.924
Parity 3 -2.702 1.468 3.980 5.347 6.668
Parity 4 -2.663 1.566 4.384 5.892 7.148
Parity 5 -2.602 1.466 4.564 6.542 7.889

Snell Score (percentage scale)
Parity 1 0.00 37.33 65.53 84.01 100.00
Parity 2 0.00 43.89 70.77 85.53 100.00
Parity 3 0.00 44.50 71.32 85.90 100.00
Parity 4 0.00 43.10 71.83 87.20 100.00
Parity 5 0.00 38.78 68.30 87.16 100.00
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2) Descriptive statistics

Detailed descriptive analysis on a single parity dataset was performed for calf sex, calf size, calving season, calving age, and gestation lengths. 

Descriptive statistics and figures were generated using the package 'dplyr' (Wickham et al., 2022) and 'ggplot2' (Wickham, 2016) in R. In some 

graphs, the CE3, CE4, and CE5 categories were combined into one as CE3+ due to low frequency of phenotypes in respective categories.

3) Generalized linear regression using the actual CE scores

The distribution of CE scores is generally right-skewed. Despite the non-normal distribution, our first GLM model fitted the CE trait with 

predictors assuming a linear relationship between all predictors and the response variable CE. The significance of predictors for all parity 

datasets was estimated separately using the same model. The model included SEX, SIZE, GLEN, HERD, YR, SEA, and DAGE fixed effects. 

No random effects were fitted in this model. The glm function distributed under the R software package used GLM analysis. The GLM model 

of analysis was as follows:

Yijklmno = µ + SEXi + SIZEj + HERDk + YRl + SEAm + GLENn + DAGEo + eijklmno

where yijklmno is the CE of any parity, µ is the intercept, SEX is the effect of ith level of calf-sex, SIZE is the effect of jth level of calf-size, 

HERD is the effect of kth level of calving herd, YR is the effect of lth level of calving year, SEA is the mth effect of calving season, GLEN is the 

effect of nth level of gestation length group, DAGE is the effect of oth level of monthly calving age groups, and eijklmno is the residual term.

4) Generalized linear regression using the linear transformed (snell) scores

However, this analysis replaced the evenly-spaced categorical CE levels with unevenly-spaced linear transformed CE scores. The GLM 

model fit for linear-transformed CE trait also included the similar predictor variables required for the original score-based analysis. The 

parameters and significance statistics of this GLM fit were compared with the previous GLM estimates.

5) Stepwise generalized linear regression analysis

We performed stepwise regression analyses for all datasets using the complete model and searched for the best models with meaningful 

predictors. The step function in R was used for stepwise GLM regressions. The model with the lowest AIC values was considered the best for 

individual parity analysis.

6) Relative importance of predictor variables

We assessed the relative importance of detected significant variables in parity-wise datasets by using a type='lmg' option in the 'relaimpo' 

package in R (Grömping, 2006), which is based on the 'averaging over orderings of regressors' procedure. The 'ggplot2' package in R was used 

for producing the related barplot using original CE datasets.

Table 2. Estimates of variance inflation factor (VIF) for predictor variables according to parity1

SEX SIZE GLEN DAGE HERD YR SEA
Parity 1 1.014 1.015 1.027 1.001 1.049 1.061 1.002
Parity 2 1.012 1.011 1.024 1.001 1.045 1.058 1.001
Parity 3 1.014 1.015 1.027 1.001 1.049 1.061 1.002
Parity 4 1.011 1.009 1.019 1.004 1.068 1.083 1.001
Parity 5 1.008 1.008 1.014 1.007 1.077 1.09 1.004

1 SEX, calf sex; SIZE, calf size; GLEN, gestation length group; DAGE, dam's calving age; HERD, calving herd; YR, calving year; 
SEA, calving season 
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Results

1. Distribution of calving difficulty by predictors
The distribution of CE by calf sex across parity is presented in Table 3. Within parity datasets, the ratio of males and females number deemed 

somewhat close to each other. Between parity datasets, the male birth (%) was deemed slightly higher in later parities, whereas, relatively 

lower for female calves. Given the higher percentage of males in the later parties of dam, it could also reflect greater calving difficulties in those 

lactations (Figure 1). The parity-wise distribution of CE by calf-size groups (Table 4) showed that the proportion of medium-sized (normal) 

calves born was much greater (>92%) than the total of small- or large-sized calves (<8%). Over the parity, the percentage of small-sized calves 

increased by a few percentage points, whereas large-calf ratios remained somewhat stable. Therefore, it is expected that the more male calves 

in later parities could also be related to greater difficulty calving. For example, larger-sized calves across parities were more subjected to CE2 

or higher than large female calves in that group (Figure 2). In later parities, higher male proportions, irrespective of their sizes, were related 

to CE3 and greater difficulties. The mean calving age, shown in Table 5, indicates that the second and higher parity cows were more variable 

(SD of ±132.0 to 147.7 days) in calving ages than heifers (SD of ± 91.8 days). Cows' calving ages also vary more when the dam ages. The 

average calving age in heifers was 26.3 months, whereas 80.9 months in the fifth parity. Figures 3 and 4 show the distribution of CE according 

to the calving age of dams. Overall, CE3+ increased over the dam's parity. However, there was no distinct pattern of CE3+ within parity due to 

calving ages, where the first three parities showed opposite trends than the following two parities. Probably this is because of smaller datasets in 

parity 4 and 5.

Table 3. Distribution of male and female calves in Korean Holstein according to parity1

Parity Male Female
1 40,387 (0.48) 43,556 (0.52)
2 35,623 (0.52) 33,497 (0.48)
3 16,479 (0.52) 15,021 (0.48)
4 15,035 (0.52) 13,968 (0.48)
5 4,915 (0.53) 4,446 (0.47)

1 Value without and within parentheses indicate the total number of observations and % observations

Table 4. Distribution of  calf size at birth in Korean Holstein according to parity1

Parity Small Medium Large
1 2025 (0.02) 80,017 (0.95) 1,901 (0.02)
2 3077 (0.04) 64,744 (0.94) 1,299 (0.02)
3 1626 (0.05) 29,259 (0.93) 615 (0.02)
4 1551 (0.05) 26,882 (0.93) 570 (0.02)
5 510 (0.05) 8,644 (0.92) 207 (0.02)

1 Value without and within parentheses indicate the total number of observations and % observations

Table 5. Descriptive statistics of calving age in Korean Holstein according to parity
Parity Mean (day) SD (day) Min (day) Max (day)

1 790.8 91.8 600 1,080
2 1,266.2 132.0 1,020 1,620
3 1,662.6 141.5 1,265 1,980
4 2,051.1 145.4 1,620 2,340
5 2,427.6 147.7 1,986 2,700
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Figure 2. Distribution of % male and female calves with calving difficulty levels in three calf-size categories 
according to parity (CE1, normal calving; CE2, slight assistance; CE3+, moderate, difficulty and extreme difficulty 
calving combined)

Figure 1. Distribution of % male and female calves with calving difficulty levels in three calf-size categories 
according to parity (CE1, normal calving; CE2, slight assistance; CE3+, moderate, difficulty and extreme difficulty 
calving combined).
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Figure 3. Percent observations of calving ease scores across multiple parity dataset (CE1, normal calving; CE2, 
slight assistance; CE3+, moderate, difficulty and extreme difficulty calving combined)

Figure 4. Percentile distribution of calving ease scores by age of dam and parity (CE1, normal calving; CE2, slight 
assistance; CE3+, moderate, difficulty and extreme difficulty calving combined)
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The average gestation length variation in Korean Holstein was stable across parities (SD of ± 5.2 to 5.3 days) in Table 6. The average GLEN 

increased almost consistently with the dams' age. The lowest average GLEN in dams was identified in the first parity (276.8 days), whereas 

the highest average GLEN was found in parity-5 dams (280.0 days). More unexpected calving scenarios, i.e., CE3+, strongly followed longer 

gestation lengths than normal calvings (Figures 5 & 6). Our study on GLEN with other factors also revealed some patterns. The SEX by GLEN 

investigation shows that male-calf births were more associated with longer GLEN than days required for female-calf birth (Figure 7). For SIZE 

by GLEN analysis, a shorter or longer gestation length was found to be related to non-normal-sized calves (Figure 8). It was also evident that 

cows' calving ages varied the least with normal gestation periods, irrespective of parities (Figure 9). Any shorter or longer gestation length is 

associated with higher calving age diversity in dams. The calving year by CE trend showed that calving ease increased over time (Figure 10). 

Table 7 shows the distribution of calf births according to season. The seasonal calving records in the first parity were similar (24 to 26%). It was 

parity two and onwards, where autumn calving records increased noticeably. However, there were no distinct patterns regarding the percent 

CE3+ incidence according to season (Figure 11).

Table 6. Descriptive statistics of gestation length in Korean Holstein according to parity
Parity Mean SD Min Max

1 276.8 5.2 260 296
2 278.8 5.3 260 296
3 279.4 5.2 260 296
4 279.8 5.2 260 296
5 280.0 5.2 260 296

Table 7. Distribution of  calving season in Korean Holstein according to parity1

Parity Spring 
(March-May)

Summer 
(June-August)

Autumn 
(September-November)

Winter 
(December-February)

1 2,2083 (0.26) 21,440 (0.26) 20,541 (0.24) 19,879 (0.24)
2 13,739 (0.20) 16,074 (0.23) 23,132 (0.33) 16,175 (0.23)
3 5,371 (0.17) 5,521 (0.18) 12,404 (0.39) 8,204 (0.26)
4 5,671 (0.20) 5,032 (0.17) 9,935 (0.34) 8,365 (0.29)
5 1,833 (0.20) 1,606 (0.17) 3,031 (0.32) 2,891 (0.31)

1Value without and within parentheses indicate the total number of observations and % observations

Figure 5. Percent observations of calving ease scores by gestation length groups of dam and parity (CE1, normal calving; CE2, 
slight assistance; CE3+, moderate, difficulty, and extreme difficulty calving combined; S, short [<275 days]; N, normal [275-281 
days]; L, long [>281 days])
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Figure 6. The trend of gestation length and calving age of cows according to parity (1, non-assisted calving; 2, 
slightly assisted calving; 3, moderately assisted calving, 4; difficult calving; 5, extremely difficult calving)

Figure 7. The trend of gestation length according to calf sex and calf size according to parity
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Figure 8. The trend of gestation length according to calf sex and calf size according to parity

Figure 9. The trend of gestation length and calving age of cows according to parity
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Figure 10. Overall percent observations of calving ease scores by calving year in parity 1 to 5 (CE1, normal calving; 
CE2, slight assistance; CE3+, moderate, difficulty, and extreme difficulty calving combined)

Figure 11. Percentage observations of calving ease by calving season and parity (CE1, normal calving; CE2, slight 
assistance; CE3+, moderate, difficult, and extreme difficulty calving combined; Spr- spring [March-May]; Sum- 
summer [June-August]; Aut- autumn [September-November]; Win: winter [December-February]).
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2. Statistical significance of predictors
Tables 8 and 9 show the list of significant predictors from the GLM regression (complete model) based on actual and linear transformed CEs. 

Although there were some differences in regression estimates and p-values for predictor variables in both actual and transformed CE analyses, 

the list of significance predictors remained similar for individual parity datasets. The effect of calf sex was significant (P<0.05) in most cases 

except for the third parity. The snell-transformed regression estimate indicates a 10% increase in calving difficulty if the calf born was a male. 

However, the calf size effect was highly significant in all parities for any CE datatype. The GLEN effect was more important in heifers than 

older cows. However, the DAGE effect was non-significant for CE phenotype in all the parity. The calving herd effect was always significant, 

whereas the calving year was also significant in most parity analyses. An exception was the calving season effect which demonstrated non-

significant influences on CE.

Table 8. Significance of factors using GLM model based on actual CE datasets1

Factor Parity 1 Parity 2 Parity 3 Parity 4 Parity 5
Sex <0.05 <0.05 NS <0.05 <0.01
Calf size <0.001 <0.001 <0.001 <0.001 <0.001
Gestation length <0.01 <0.001 <0.05 NS NS
Calving age NS NS NS NS NS
Calving year <0.01 <0.001 <0.001 <0.001 <0.01
Calving season NS <0.001 NS NS NS
Calving herd <0.001 <0.001 <0.001 <0.001 <0.001
1 NS- non significant at P<0.05

Table 9. Significance of factors using GLM model based on linear transformed CE datasets1

Factor Parity 1 Parity 2 Parity 3 Parity 4 Parity 5
Sex <0.05 <0.05 NS <0.05 <0.01
Calf size <0.001 <0.001 <0.001 <0.001 <0.001
Gestation length <0.01 <0.001 <0.05 NS NS
Calving age NS NS NS NS NS
Calving year <0.01 <0.001 <0.001 <0.001 <0.001
Calving season NS <0.001 NS NS NS
Calving herd <0.001 <0.001 <0.001 <0.001 <0.001
1NS- non significant at P<0.05

3. Stepwise regression analysis and relative importance of effects
The stepwise regression summary is presented in Tables 10 to 12 based on actual and linear transformed scores. From the complete model 

analyses, the list of significant factors for parity-wise datasets varied to some extent (Table 10). The effect of SIZE, HERD, and YR remained 

significant across all dataset analyses. However, the SEX effect was removed from the third parity only. Similarly, the GLEN effect was 

dropped from models for the third and fourth parity analyses. SEA was only significant in the second parity analysis. The DAGE effect is 

removed from all parity final models via stepwise method. The retained lists of significant effects were identical parity-wise. Although there 

were noticeable differences for the adjusted R-squared values across parities (0.30 to 0.51) between CE datatypes analyses, the model fit 

estimates were relatively close.

The relative importance of significant factors for parity 1 to 5 datasets using actual scores is shown in Figure 12. The effect of HERD appears 

to be the most crucial effect of all. The second substantial effect is SIZE, followed by the YR effect. However, SEX and GLEN contributed 

relatively less in the final models.
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Table 10. Factors selected by stepwise GLM model based on actual or linear-transformed CE datasets1

Factor Parity 1 Parity 2 Parity 3 Parity 4 Parity 5
Sex + + – + +
Calf size + + + + +
Gestation length + + + – –
Calving age – – – – –
Calving year + + + + +
Calving season – + – – –
Calving herd + + + + +
1 Factor retained (+) or removed (–)

Table 11. Summary of stepwise regression using original calving ease scores1

Dataset Step DF Deviance Residual DF Residual 
Deviance AIC Adjusted 

R-squared 
Parity 1 NULL 83,942 10,099.92 -177,757.0

0.5025

HERD -2,385 4961.728 81,557 5,138.195 -229,717.0
SIZE -2 163.5586 81,555 4,974.637 -232,429.0
YR -13 92.91159 81,542 4,881.725 -233,986.0
GLEN -2 0.665008 81,540 4,881.060 -233,993.0
SEX -1 0.381586 81,539 4,880.679 -233,998.0

Parity 2 NULL 69,119 6,755.496 -160,736.0

0.296

HERD -3,146 1898.854 65,973 4,856.643 -177,254.0
SIZE -2 184.8821 65,971 4,671.761 -179,933.0
YR -20 129.728 65,951 4,542.033 -181,839.0
SEA -3 2.384752 65,948 4,539.648 -181,869.0
GLEN -2 1.741942 65,946 4,537.906 -181,892.0
SEX -1 0.402473 65,945 4,537.503 -181,896.0

Parity 3 NULL 31,499 3,020.210 -73,854.8

0.3091
HERD -2,446 960.5078 29,053 2,059.702 -81,019.9
SIZE -2 89.4718 29,051 1,970.230 -82,414.9
YR -19 46.19223 29,032 1,924.038 -83,124.2
GLEN -2 0.827167 29,030 1,923.211 -83,133.7

Parity 4 NULL 29,002 2,765.391 -68,161.4

0.3305
HERD -3,118 1011.772 25,884 1,753.619 -75,136.2
SIZE -2 70.97391 25,882 1,682.645 -76,330.5
YR -20 31.35351 25,862 1,651.292 -76,836.0
SEX -1 0.31853 25,861 1,650.973 -76,839.6

Parity 5 NULL 9,360 966.0049 -21,258.1

0.4101
HERD -1,942 490.7688 7,418 475.2361 -24,014.4
SIZE -2 15.43756 7,416 459.7985 -24,319.6
YR -19 9.111675 7,397 450.6868 -24,468.9
SEX -1 0.409818 7,396 450.277 -24,475.4

1 NULL, intercept only model (no other effects); HERD, calving herd; SIZE, calf size; SEX, calf sex; YR, calving year; SEA, calving 
season; GLEN, gestation length group; AIC, Akaike Information Criteria. 
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Table 12. Summary of stepwise regression using snell-transformed calving ease scores1

Dataset Step DF Deviance Residual DF Residual 
Deviance AIC Adjusted 

R-squared
Parity 1 NULL 83,942 13,719,644 427,813.0

0.5103

HERD -2,385 6,853,553.0 81,557 6,866,091 374,474.8
SIZE -2 213,376.5 81,555 6,652,714 371,828.7
YR -13 125,594.3 81,542 6,527,120 370,254.8
GLEN -2 778.264 81,540 6,526,342 370,248.8
SEX -1 482.0722 81,539 6,525,860 370,244.6

Parity 2 NULL 69,119 11,771,688 355,113.5

0.3102

HERD -3,146 3,478,507 65,973 8,293,181 337,195.3
SIZE -2 296,623.8 65,971 7,996,557 334,681.7
YR -20 241,266.5 65,951 7,755,291 332,604.2
GLEN -2 3,928.068 65,949 7,751,363 332,573.2
SEA -3 3,093.807 65,946 7,748,269 332,551.6
SEX -1 725.9899 65,945 7,747,543 332,547.1

Parity 3 NULL 31,499 5,318,352 161,563.3

0.3255
HERD -2,446 1,773,314 29,053 3,545,038 153,678.5
SIZE -2 150,064.4 29,051 3,394,973 152,320.0
YR -19 87,461.42 29,032 3,307,512 151,535.9
GLEN -2 1,491.541 29,030 3,306,020 151,525.7

Parity 4 NULL 29,002 4,745,446 147846.0

0.3402
HERD -3,118 1781,641 25,884 2,963,806 140,430.0
SIZE -2 113,638.9 25,882 2,850,167 139,300.0
YR -20 57,701.3 25,862 2,792,466 138,746.8
SEX -1 551.6494 25,861 2,791,914 138,743.1

Parity 5 NULL 9,360 1,369,474 46,672.48

0.420
HERD -1,942 707,246.4 7,418 662,227.8 43,755.04
SIZE -2 20,135.62 7,416 642,092.2 43,469.99
YR -19 13,830.53 7,397 628,261.7 43,304.15
SEX -1 583.6754 7,396 627,678.0 43,297.45

1 NULL, intercept only model (no other effects); HERD, calving herd; SIZE, calf size; SEX, calf sex; YR, calving year; SEA, calving 
season; GLEN, gestation length group; AIC, Akaike Information Criteria. 
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Figure 12. Relative importance (%) of parity-wise significant predictors in Korean Holstein cattle (SEX: Calf-sex, 
SIZE: Calf-size, HERD: calving herd or farm, YR: Calving year, SEA: Calving season, GLEN: Gestation length group)

Discussion
In this study, we assumed calf sex (gender) to have influences on CE. In this regard, our research showed a general relationship between 

male calves and higher CE scores from second parity onwards, i.e., CE of 2 and greater (Figures 1 and 2). These figures depict the greater risks 

of calving difficulty in males in later parities. Mee (2008) stated some reasons for CE trends in males. One reason is the morphology, where the 

calf is a male gender itself can contribute to an increased risk of dystocia for itself. Berger et al. (1992) showed higher dystocia rates in males 

irrespective of birth weight ranges. Another reason is that male calves are generally higher in body weight than female calves. The study by 

Johanson and Berger, 2003 agreed with a similar cause and attributed the higher male body weights to 25% higher odds of dystocia in their 

male calves. In our study, the higher proportions of larger male calves in CE2 and CE3+ groups of all parities also support the male sex and its 
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CE association (Figure 2). More investigation into the Korean Holstein dataset reveals that larger and average-sized male calves can experience 

severe difficulty at birth if their dams are old. The effect of sex was also significant in the present study. Despite the lower relative importance 

of calf sex on CE (Figure 12), their overall significance across parities indicates their inclusion potential in the genetic evaluation models of 

Korean Holstein.

Previously many studies suggested the importance of birthweight for dystocia (Mee, 2008; Johanson & Berger, 2003; Menissier & Foulley, 

1979) and further stated its relationships with gestation length, parity, fetal gender, parent's breeds, etc. (Mee, 2008). Due to a lack of birthweight 

information, we assumed the calf-size group to be closely related to CE. We expected that a larger calf size would closely represent their higher 

birthweights, resulting in greater calving difficulties. While strongly supporting our assumptions, the calf-size effect significantly influenced 

CE. The larger calf sizes across parities were also considerably associated with more difficult calvings. Therefore, we could draw some indirect 

agreements with earlier reports which studied the birthweight of calves instead of calf sizes. The overall significance of the calf-size effect and 

its reasonably high relative importance in the model also suggests its inclusion potential for Korean Holstein evaluations. While many studies 

included birthweight in their genetic models for dystocia, it is not beyond any discrepancy, especially if it is an estimate (Phocas & Laloe, 2004; 

Tomka, 2018). Note that birthweight and calf size are not easy to measure observations, especially during calf birth. Therefore, sometimes these 

observations could be estimated instead of measured, as illustrated by Phocas and Laloe, 2004 for birth weight. The calf size in this study is an 

estimate primarily based on farmers' experiences– because no definition of calf size is available currently. As a result, there is a possibility for 

bias in calf-size categories among herds. For example, a farmer may report consistent values due to inadequate distinction between categories. 

It, thus, poses a risk of losing potential within herd variations (Tomka, 2018). Also, a particular calf-size category seen by one farmer may be 

different from the same value by another farmer. While the between-herd bias can be minimized by combining herd and calf size into one 

factor, the within-herd bias is difficult to control until calf size is defined strictly. Therefore, we suggest further investigation into within-herd 

distribution for calf size and placing restrictions on records if a pattern exists.

The above-discussed effects (for example, sex and size) are closely related to the gestation length of the dam. Our study found evidence of 

female calves requiring a consistently lower gestation period than males (Figure 7). Similarly, the larger calf-size group is associated with longer 

gestation lengths (Figure 8). Further evidence of a higher incidence of difficulty calving (CE3+) at longer gestation periods across parities is 

found in the present study (Figure 5). Our findings were deemed in some agreement with Philipson (1976), who only reported an association 

of both short (<265 days) and long (>285 days) gestation lengths with increased dystocia in first parity dams (Philipsson, 1976). According 

to their report, dystocia at shorter gestation periods is due to fetal mortality, twins, and premature calving, and at longer periods due to fetal 

oversize. Literature suggests that fetal growth rate averages could be as much as 0.3–0.4 kg/day during the last month of gestation (Meijering, 

1984). It indicates that a longer gestation period assisting fetal oversize can eventually increase difficulty at calving. In our study, both short and 

long gestation lengths proportions have increased over parity and indicated a higher incidence of calving difficulty. On the other hand, the effect 

of GLEN being significant across multiple parities alongside its relative importance in statistical models suggest that this effect is a candidate 

for inclusion in the final genetic evaluation models for CE improvement. Olson et al. (2009) added that the parity of calving could affect the 

dystocia occurrence through shorter gestation and lower calf weights in heifers.

Earlier literature proved that the incidence of dystocia differs according to the parity of the calving (Berglund, 2008; Atashi et al., 2012; De 

Amicis et al., 2018). Generally, the existing literature emphasizes the difference between the first and further calvings. According to Juozaitiene 

et al. (2017), most of their cows experiencing difficult calving in early lactation also displayed difficult calving in consecutive calvings. In this 

study, we also find that proportion of difficult calvings increased in later parities (Figure 3). This finding is supported by Mõtus et al. (2017), 

who also observed higher dystocia in the third and later parities than in the second parity. The calving difficulty could differ based on age 

and cow parity. For heifers, the smaller pelvic size is the reason which leads to calving difficulties (Fuerst & Egger-Danner, 2003). For older 

cows, in contrast, it is the malpresentation of the calf, weak labor, and insufficient dilatation of the cervix which lead to the calving difficulty 
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(Meijering, 1984). Calving age in this study also showed the between-parity trends for calving ease according to age variations. Cows tend to 

calve with more difficulty (CE3 and above) in the first three parities. The reason for the lower percentage in parity 4 and 5 could be a relatively 

low amount of records. However, despite some phenotypic trends for calving age and CE, we could not find support for significant differences 

for the calving age group within parity. The reason could be partly due to the absorption of some variances by the gestation length predictor. It 

is because calving age also includes gestation length by definition. Therefore, instead of fitting a fixed calving age group effect, a control for 

actual calving age (in days) as a fixed covariate might improve the model parameters.

We also fitted the effects of calving herd, year, and season as independent effects. Our study showed the significance of HERD effect on 

CE. HERD also had the most crucial effect on Korean Holsteins. Generally, a herd contributes to CE via management differences. Holmøy 

et al., 2017 mention that herd management is a critical factor in influencing heifer dystocia incidences and, therefore, adequate service weight 

of the heifers at the first mating. Our study also showed that the significant influence of the calving year. Overall, this study had an increased 

calving ease performance (higher CE1) over the years, and this is probably due to improved managements. Alam et al. (2017), who studied 

only heifers from the same Holstein population, also reported a similar pattern a few years ago. The present reports also agree with Hansen 

et al. (2004), where a decline in greater calving difficulties was reported. The calving season effect, in contrast, was found non-significant in 

this study. It disagrees with many other reports where a similar factor was identified as significant (Meyer et al., 2000; Fuerst & Egger-Danner, 

2003; Matilainen et al., 2009). Although there was some support for winter and spring (in parity 2 and 5) for higher rates of CE3+ with others 

(Uematsu et al., 2013; Mekonnen & Moges, 2016), overall, there were no definite trends. According to Tomka (2018), cows experiencing the 

last part of gestation in the winter and having an improved feeding regime could promote greater fetal growth leading to calving difficulties. 

While a similar feeding regime pattern may be somewhat likely in Korean cattle during winter but may not have enough influence on causing 

noticeable calving differences. However, it is to note that we implemented restrictions on herd records to overcome the computational 

limitations with a large number of herd levels, which also excluded difficulty calving records noticeably. An analysis using a much larger 

dataset may produce different outcomes as well. Therefore, we suggest using the combined contemporary group effect of calving herd, year, 

and season for effective separation of the management and environmental contributions to CE in future genetic analyses.

In this study, the list of significant factors differed slightly across parities. The differences are probably due to graters variations in data sizes 

across parities. However, our outcomes remained identical irrespective of the datatypes used, such as actual CE or linear transformed CE scores. 

Some model parameters, such as adjusted R-squared estimates from linear transformed CE analysis being slightly higher, may indicate its 

appropriateness over the actual score. Despite the method of choice for evaluation– which could be another research topic in the future– the set 

of predictor variables identified here could be included in any models for CE evaluations. We suggest that some predictors such as calving herd, 

year, and seasons are used as a combined 'herd-year-season' effect in genetic models, even though season showed statistical non-significance 

at P<0.05. We also emphasize the further investigation of calf size with respect to herd due to its nature, as discussed earlier, to reduce any 

measurement bias. The fixed effect of DAGE could be removed from a statistical model if gestation length is already included. However, the 

calving age as a fixed-covariate could be examined further and included as a control variable when appropriate. We believe that the outcomes 

of our study could help design future genetic evaluation models in Korea.

CONCLUSIONS
The present study aimed to understand the distribution patterns of calving ease (or difficulty) across parity of Korean Holstein and identify 

factors influencing the trait. Although CE was observed irrespective of levels of predictors or parities, there is evidence of specific patterns in 

occurrences. Male calves were primarily associated with longer gestation lengths and greater calf sizes and assisted more towards difficult 

calving. Oppositely, female calves showed calving difficulty due to shorter gestation length and being smaller in size. Overall, females calves 
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with CE3+ were relatively less abundant than males. Gestation lengths of dams also increased as parity advanced. Thus, longer gestation 

lengths promoted higher calving difficulties in Korean Holstein, irrespective of calf sex or size. The calving age of the dam demonstrated no 

significance, whereas calf size and sex were statistically significant for CE evaluation. The statistical importance of the herd effect was the most 

among all predictors. Despite some differences in statistical parameter estimates, the statistical significance for predictor variables using actual 

and linear transformed phenotypes was nearly identical. Our present outcomes will be essential resources for future genetic evaluation models 

regarding calving difficulty in Korean Holstein cattle.
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