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ABSTRACT

In the long term, resilient animals are able to main-
tain their normal biological processes when confronted 
with environmental perturbations, reducing their risk 
of being culled. Therefore, longevity can be proposed 
as an indicator of long-term resilience. Decisions to 
remove a given dairy cow from the herd are mainly 
related to low milk production (i.e., voluntary culling) 
or to reasons other than production (i.e., involuntary 
culling). The aptitude of animals to delay any culling is 
defined as true longevity (TL), whereas functional lon-
gevity (FL) is the ability to avoid involuntary culling. 
The aim of the study was to investigate the influence 
of production, reproduction, morphology, and health 
traits on TL and FL, to identify risk factors for culling. 
Data included 278,217 lactations from 122,461 Holstein 
Friesian cows reared in 640 herds. The length of pro-
ductive life, calculated as the time between first calving 
and culling, or censoring, was used as the measure of 
longevity. Survival analysis was performed using pro-
portional hazards models assuming a piecewise Weibull 
distribution of the baseline hazard function, with or 
without adjustment for milk production to evaluate 
FL and TL. Insemination status, calving ease, mastitis, 
somatic cell count, displaced abomasum, and udder 
depth had significant relationships with TL and FL. 
Differences in estimates of relative risk between TL and 
FL showed that milk production often influenced cull-
ing decisions: farmers are more prone to cull animals 
with low production even when they had good other 
characteristics. The culling risk factors identified in the 
present study can be used to study resilience in dairy 
cattle and to improve genetic evaluations of functional 
or total longevity.

Key words: culling risk, dairy cattle, longevity, 
resilience, survival analysis

INTRODUCTION

In the short term, resilience is defined as the ca-
pacity of the animals to be minimally affected by 
disturbances or to rapidly return to a stable initial 
state after exposure to a disturbance (Berghof et al., 
2019). In the longer term, resilient animals are able to 
maintain their normal productive life when confronted 
with environmental perturbations (e.g., to grow toward 
sexual maturity, to survive until the next reproductive 
opportunity, and to reproduce successfully), reducing 
the risk of being culled [i.e., postponing both voluntary 
and involuntary culling (Friggens et al., 2017)]. Thus, 
longevity reflects the accumulated benefits of good re-
silience (Poppe et al., 2020) and it can be proposed as 
an indicator of long-term resilience. However, because 
longevity is also affected by factors other than animals’ 
innate resilience, the use of longevity as an indicator 
of long-term resilience requires that these other factors 
(farm management, local production conditions, and so 
on) are adjusted for in any such analysis.

For dairy cattle, the most important part of life is 
the productive period after first calving. Therefore, 
the most popular measure of longevity is the length 
of productive life (LPL), defined as the time between 
the date of the first calving and the date of culling 
(VanRaden et al., 2006). Decisions to replace dairy 
cows are mainly related to low milk production (i.e., 
voluntary culling) or to reasons other than production 
such as fertility problems or diseases (i.e., involuntary 
culling). For this reason, 2 different longevity traits are 
usually defined: true (TL) and functional (FL) longev-
ity. True longevity is the aptitude to delay any culling, 
whereas FL is the ability to avoid involuntary culling. 
Given that there is not a direct measure for FL, it can 
be obtained by including in the statistical analysis of 
longevity a correction for the probability to be culled 
due to low milk production (Ducrocq et al., 1988).
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Several studies in the literature investigated the 
effect of nongenetic factors on longevity in different 
cattle populations. Milk production traits, stage of 
lactation, age at first calving, parity, variation in herd 
size, and geographical region are factors that contribute 
significantly to culling decisions (Roxström et al., 2003; 
Ducrocq, 2005). In addition, poor fertility, difficult 
calvings, poor udder health, and diseases represent risk 
factors for culling (Beaudeau et al., 2000; Olechnowicz 
et al., 2016).

Survival analysis was largely applied to study longev-
ity in cattle (Ducrocq, 1994; Beaudeau at al., 1995). It 
is a statistical methodology for analyzing events, where 
the outcome variables are a measure of time elapsed 
from a starting point (here, the date of first calving) 
until the occurrence of an episode such as culling or 
death (Lee, 1992; Schneider et al., 2005). When life 
data are studied, survival analysis has several advan-
tages with respect to other statistical methods. First, it 
can combine information on alive (censored) and dead 
(uncensored) individuals, exploiting all available infor-
mation. Moreover, this method accounts for nonlinear 
characteristics of longevity data and can accommodate, 
as time-dependent variables, effects influencing produc-
tive life that vary with time (such as milk production).

French dairy cattle have been routinely evaluated for 
FL since 1997. The current survival analysis model is 
a Weibull proportional hazard model including several 
nongenetic factors such as age at first calving, herd size 
variation, and milk production traits (Ducrocq, 2005). 
This model aims at estimating the breeding values for 
FL and therefore must not correct for animal compo-
nents which could explain individual differences in FL. 
At present, fertility, morphology, and health data are 
not taken into account in this model.

With the aim to better understand resilience in 
French Holstein cattle, the objective of the study was 
to investigate the influence of several production, re-
production, morphology, and health traits on TL and 
FL using a Weibull proportional hazard model.

MATERIALS AND METHODS

Data Editing and Preparation

Edits of the data set and the preparation of data 
for survival analysis were performed using R statisti-
cal software version 3.5.0 (R Core Team, 2018) and 
FORTRAN 90.

Data Edits. Data originated from 2 different data-
bases. In France, breeders are required to record in a 
diary any diseased animal and the medical drugs that 
they use to treat or prevent a disease. In this study, 

the data related to diseases were collected from these 
diaries, as part of the GénoSanté project carried out 
in Western France (Leclerc et al., 2019). This project 
aimed at developing selection tools for new health 
traits. The other data (i.e., identities of cows and herds, 
calving dates, calving conditions, milk production, 
SCC, inseminations, mastitis cases, morphology, and 
culling dates) were obtained from the French bovine 
national database. Health events may not be exhaus-
tive in some herds because they are recorded by farmers 
(not veterinarians) and only recording of treatments 
(not health events) is mandatory. Moreover, until now, 
there is very limited added value for farmers in these 
data that would encourage them to better record health 
events. Therefore, a drastic selection of herds had to be 
performed for our study, to consider information from 
herds having a good practice in recording such events. 
The selection rules were determined using past experi-
ences with the same type of data (Bourrigan et al., 
2016): (1) the herds had to have an exhaustive record 
of health events over at least 5 consecutive years. They 
had to record a minimum number of 10 health events 
per year (excluding mastitis which was considered sepa-
rately, as a specific health trait). (2) Most of their cows 
had to have spent their whole productive life in the 
same herd. Using these rules, 640 herds out of a set of 
12,661 herds were selected for our study.

The period of completeness of disease recording 
(CDR) is specific to each herd (between 5 and 10 yr) 
and only data recorded during this period were used. 
Only animals with milk production records for at least 
the first lactation during the CDR period were selected. 
In addition, test-day (TD) measurements for fat con-
tent, protein content, and SCC were set as missing in 
the case of abnormal values (fat content lower than 
20 g/kg or higher than 90 g/kg, protein content lower 
than 15 g/kg or higher 70 g/kg, SCC equal to 0). After 
editing, the data set included 278,217 lactations from 
122,461 Holstein Friesian cows born between January 
2003 and June 2017. Cows were required to have a first 
calving date between January 2007 and October 2019.

Two separate data sets were constructed for dis-
placed abomasum (DA) and milk fever (MF). For 
those traits, a specific herd selection was performed, 
where only herds that declared at least one event of 
these diseases during the CDR period were considered. 
Data for DA included 99,768 animals reared in 494 
herds, whereas 114,077 cows reared in 588 herds had 
information on MF.

Computation and Classification of Nongenetic 
Factors. For the functional longevity models, a cor-
rection for milk production traits was included, taking 
into account the lactation milk yield (milk) as well as 
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fat and protein (PROT) contents for a 305-d lactation 
length. These factors were obviously time dependent 
(i.e., their values changed from one lactation to the 
next). Within herd-year combination, an average lacta-
tion production was then calculated, separately for first 
and later lactations, excluding short lactations (<100 
d). Then, deviations for the standardized individual 
305-d lactation productions (DSI 305d_lac) from 
their corresponding within herd-year average lactation 
production were calculated and divided by the observed 
standard deviation of DSI 305d_lac. Finally, separately 
for first and later lactation, these within herd-year de-
viations were transformed into milk production classes, 
with 10 classes of equal size and assuming a normal 
distribution centered at 0 (Ducrocq, 2005). This trans-
formation was performed because it is expected that 
culling for low production within herd is based on a 
ranking of the cows within herd rather than on their 
actual lactation production. In addition, an eleventh 
class was created to include short lactations (less than 
60 d) for which the extrapolation to a 305-d lactation is 
too inaccurate. Fat and PROT contents were classified 
in 5 classes, following the same procedure used for milk. 
As for production, an extra class (6) included fat and 
PROT from short lactations. Information on various 
families of traits that have an effect on culling decisions 
was also collected.

The investigated traits related to reproduction were 
the insemination status (INS) and the calving ease 
(CALV). The status of each AI was determined for 
each parity from the date of the subsequent calving 
and assuming a mean gestation length (282 d for the 
French Holstein breed ± 15 d). Once the successful 
insemination was found, all preceding inseminations 
were considered as failed, and all posterior insemina-
tions during the same lactation were discarded. To 
properly mimic how the insemination status influences 
culling, it is necessary to make assumptions on what 
information is available to the farmer during the course 
of a cow’s lactation. For example, the farmer does not 
immediately know the outcome of an AI for each cow. 
After a wait, the pregnant status can be determined 
using a pregnancy test or checking if the cow shows a 
new estrus or not. In French dairy farms, pregnancy 
exams were not routinely performed during all of the 
investigated period. In addition, results of pregnancy 
tests are not routinely recorded and the information is, 
at present, not available. In the case of a negative result 
from pregnancy test or if a new heat is detected, the 
farmer can choose between inseminating the cow again 
or not. Conversely, in presence of a positive pregnancy 
exam or if there is no new heat, the farmer can usually 
consider her as pregnant. We assumed a delay of 2 mo 
after the last AI performed to consider that the farmer 

knows the pregnant status of the cows. However, the 
definite success of AI is only known in the case of birth 
of the calf, given that an abortion can occur (informa-
tion about miscarriages was not available in our data 
set). In this study, we tested 2 different classifications 
for INS, taking into account or not retrospective infor-
mation about the pregnant status of the animals. The 
first classification (INS1) was aimed at modeling the 
actual level of knowledge of the farmer by including the 
following time-dependent classes: class 0 for complete 
absence of any information about any AI performed 
and their status during the ongoing lactation; class 1 to 
class 4 representing unknown outcome of the last AI, 
this last AI being respectively the first, second, third, 
or fourth one of the current lactation; class 5 to class 
8 represent the cases where the farmer is considered 
to know the pregnancy status of the cow (because the 
farmer has the result of a pregnancy test or assumes that 
the cow is pregnant because no new heat is detected), 
starting 2 mo after the last AI and depending whether 
this AI is respectively the first, second, third, or fourth 
AI after calving. The second classification (INS2) in-
cluded retrospective information about the real success 
of AI: from the complete data file, it is often known 
which cows were definitely pregnant because they had a 
next calving recorded. The categories for INS2 were as 
for INS1 with the addition of the following classes: class 
9 to class 12 correspond to cows definitely pregnant 2 
mo after respectively their first, second, third, or fourth 
AI. For INS1 and INS2, all posterior AI (fifth or more) 
were ignored.

For each new calving, calving ease was scored by the 
farmers themselves as 1 (no assistance), 2 (slight as-
sistance), 3 (difficult assistance), or 4 (cesarean section 
or fetotomy).

Clinical mastitis (CM) events occurring during a 
given lactation were counted and classified in 5 classes 
reflecting successive occurrences (class 0: no CM, class 
1: first CM event; class 2: second CM event, class 3: 
third CM event; class 4: fourth and subsequent CM 
events). When 2 CM were recorded within 10 d, they 
were considered as the same occurrence and only the 
first event was kept.

Similarly, the number of TD per lactation with a 
SCC higher than 300,000 cells/mL was counted. This 
number was used to define 7 consecutive classes from 
0 (no TD with SCC >300,000 cells/mL so far during 
the current lactation) to 6 (6 or more TD with SCC 
>300,000 cells/mL).

Each event of DA and MF was coded as 1 (presence). 
The absence of event during the current lactation was 
coded as 0. In case of multiple events of DA and MF for 
one lactation, only the first one was considered. More-
over, only the events of MF recorded within 10 d before 
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or after calving were included, and declared to occur at 
d 1 of the current lactation.

Animals showing events for these 2 diseases were 
classified into 2 classes: class 1 represents cows that 
developed the disease and were culled during the lacta-
tion when the disease event occurred, whereas class 2 
includes animals that exhibited the disease but were 
culled in a subsequent lactation.

Among type traits, we selected 9 traits a priori be-
lieved to have a potential effect on risk of culling: BCS, 
stature (STAT), body depth (BDE), udder depth 
(UDE), udder balance (UDB), teat length (TLS), 
and feet and legs score (FLS), which were scored from 
1 to 9 by a trained classifier. Temperament (TEMP) 
and milking speed (MSP) were scored from 1 to 5 by 
the farmer and collected at the same time. Morphology 
traits were recorded only once during first lactation, 
at any stage of lactation. It was expected that the link 
between those traits and the probability to be culled 
varies during the lactation. To correct for the moment 
of recording, an extra effect (REC_TYPE) with 4 
classes was added to the model (class 1: 0 to 3 mo after 
the calving date; class 2: 3 to 6 mo; class 3: 6 to 9 mo; 
class 4: more than 9 mo after the calving date).

In addition, we computed the following explanatory 
variables to be used in the survival analysis model: 
herd-year (HY); age at first calving in months (Age), 
classified in 23 monthly classes from 20 to 42 mo; year-
season (YS), classified in 47 classes (12 yr from 2007 
to 2018 × 4 seasons); and interaction between herd size 
and annual variation of herd size (HVAR). This effect, 
changing at the beginning of each trimester, was clas-
sified in 14 classes as follows: class 1 represents herds 
with less than 5 cows; classes 2 to 4 represent herds 
having from 5 to 19 cows with a decrease in herd size 
of more than 10%, stable size, and an increase of more 
than 10%, respectively; classes 5 to 9 represent herds 
having from 20 to 49 cows with a decrease in herd size 
of more than 15%, decrease of 5 to 15%, stable size, 
increase of 5 to 15%, and increase of more than 15%, 
respectively; classes 10 to 14 represent herds with 50 
or more cows with a decrease in herd size of more than 
15%, decrease of 5 to 15%, stable size, increase of 5 to 
15%, and increase of more than 15%, respectively. To 
properly model the within-lactation increase of risk to 
be culled, these variables could change at each lactation 
stage (number of days since the most recent calving 
with changes at 0, 270, 380 d, and when dry). These 
factors have an effect on the probability of a cow be-
ing culled during her productive life. The factors are 
routinely included in the French genetic evaluation of 
functional longevity (Ducrocq, 2005).

Survival Analysis

Survival Trait Definition. Length of productive 
life was used as a measure of longevity and it was calcu-
lated as the time between the date of first calving and 
date of culling. Cows leave the herd because of death 
or disposal, in which case their LPL was considered as 
uncensored. When culling had not occurred yet, the 
record was considered as censored. Censored records in-
cluded LPL of animals still alive at an overall limit date 
(August 31, 2018) or at the date of end of the CDR 
period for their herd, if it occurred earlier. In addition, 
cows that moved to another herd were considered as 
censored at the date of the first change of herd. Their 
productive life in the second herd was not included in 
the analysis. Cows with more than 5 lactations were 
censored at the date of the end of their fifth lactation. 
Finally, animals with lactation length longer than 800 d 
were censored at that day to avoid unrealistically long 
lactations, probably due to missing information. Cows 
with a date of first calving after the limit date (August 
31, 2018) were ignored.

Weibull Proportional Hazard Models. The in-
fluence of the factors related to fertility, morphology, 
and health status on TL and FL were evaluated us-
ing a proportional hazard model assuming a piecewise 
Weibull distribution of the baseline hazard function. 
It has been shown that such a model provides a good 
approximation of a semi-parametric (Cox) model, while 
being much less computationally demanding (Ducrocq, 
2005).

All the effects tested in the present studies are listed 
in Table 1. Two different base models were used to 
study TL and FL, respectively. The statistical base 
model used to evaluate TL was as follows:

	 λijkl(t) = λ0np(t′) exp[YSi(t) + Agej + HVARk(t) 	  

	 + HYl(t)],	 [1]

where λijkl(t) is the hazard function of the cow at time 
t; λ0(t′) is a piecewise Weibull baseline hazard function 
for the nth lactation stage (1 to 4, with changes at d 
270, 365, and when the cow was dried, class 4 being the 
dry period) of the pth parity (1 to 5) with specific scale 
parameter λ and shape parameter ρ for each lactation 
× stage combination and with t′ being the number of 
days since the beginning of the current lactation (as 
in Ducrocq, 2005). This resulted in 19 baseline hazard 
functions (4 for each lactation, except for the fifth one 
for which the dry period is ignored). All effects in the 
exponential part of [1] are time-dependent effects, ex-
cept the age at first calving effect.

Rostellato et al.: LONGEVITY IN DAIRY CATTLE
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The statistical base model used to evaluate FL was 
as model [1] but included the extra effect of milk pro-
duction traits:

	 λijklmno(t) = λ0np(t′) exp[YSi(t) + Agej + HVARk(t) 	  

	 + HYl(t) + Milkm(t) + Fatn(t) + PROTo(t)],	 [2]

where Milkm(t) is the mth within-herd milk yield class, 
Fatn(t) is the nth within-herd fat content class, and 
PROTo(t) is the oth within-herd protein content class. 
For type traits, as indicated above, the fixed time-inde-
pendent effect of REC_TYPE was also added to the 2 
base models to take into account the period of record-
ing. Each effect related to reproduction, morphology, 
and health status was individually added to the 2 base 
models and tested one at a time.

To evaluate whether the addition of a new factor 
to a base model significantly improves the goodness of 
fit, log-likelihood ratio tests (LRT) statistics were used 
for model comparison. The LRT test statistics were 
calculated as

	 LRT = −2 [LogL (reduced model) 	  

− LogL (full model)],

where LogL is the log-likelihood of a model. These sta-
tistics follow a chi-squared distribution with as many 

degrees of freedom as the number of estimable param-
eters added to the base models (either TL or FL).

Survival analysis was performed using the Survival 
Kit software (v6.12, Mészáros et al., 2013).

RESULTS AND DISCUSSION

Survival Analysis

The average within lactation failure time was 301, in-
dicating that culling occurs in general toward the end of 
the lactation. The percentage of right-censored records 
was 47.7%. The minimum and maximum censoring 
times within lactation were 1 and 800 d, respectively 
(mean = 250 d).

Likelihood Ratio Tests

Likelihood ratio tests were used to compare the abil-
ity of the investigated models to fit the data. The 2 
base models for TL and FL were the reduced models. 
Results are reported in Table 2.

All the investigated factors, except MF, improved the 
goodness of fit of the base models, showing a highly 
significant (P <0.01) relationship with TL and FL. 
Insemination status was the trait with the strongest 
relationship with longevity, confirming the central im-
portance of fertility in culling decisions (Olechnowicz 
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Table 1. Description of the factors investigated in the present study

Effect   Description   Definition   Type  
Time 
dependent

Agej   Age at first calving   Monthly classes from 20 to 42 mo   Fixed   No
HVARk   Interaction between herd size × annual 

variation of herd size
  14 classes   Fixed   Yes

YSi   Calving year × season interaction   12 years from 2007 to 2018 × 4 seasons   Fixed   Yes
Milkm   Within-herd milk yield   11 classes   Fixed   Yes
Fatn   Within-herd fat content   6 classes   Fixed   Yes
PROTo   Within-herd protein content   6 classes   Fixed   Yes
INSp   Insemination status   6 classes   Fixed   Yes
CALV × Pp   Calving ease × parity interaction   5 calving ease classes × 2 parity (first 

and later)
  Fixed   Yes

CMp   Clinical mastitis   6 classes   Fixed   Yes
SCCp   Somatic cell count   7 classes   Fixed   Yes
BCSp   Body condition score   10 classes   Fixed   Yes
STATp   Stature score   10 classes   Fixed   Yes
BDEp   Body depth score   10 classes   Fixed   Yes
UDEp   Udder depth score   10 classes   Fixed   Yes
UDBp   Udder balance score   10 classes   Fixed   Yes
TLSp   Teat length score   10 classes   Fixed   Yes
FLSp   Feet and legs score   10 classes   Fixed   Yes
TEMPp   Temperament score   6 classes   Fixed   Yes
MSPp   Milking speed score   6 classes   Fixed   Yes
DAp   Displaced abomasum   5 classes   Fixed   Yes
MFp   Milk fever   5 classes   Fixed   Yes
REC_TYPEq   Moment of recording for type traits   4 classes   Fixed   No
HYl   Herd × year effect   With log-gamma distribution   Random   Yes
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et al., 2016). Among type traits, UDE was the trait 
showing the largest influence on TL and FL. This is in 
agreement with previous studies investigating the influ-
ence of conformation traits on LPL (e.g., Larroque and 
Ducrocq, 2001; Zavadilová et al., 2011).

Survival Analysis

Milk Production Traits. Survival analysis models 
to evaluate FL included time-dependent fixed effects 
related to milk production traits. Table 3 reports rela-
tive risks (RR) of being culled for milk, fat, and PROT. 
The RR for milk decreased continuously from class 1 
(worst within herd-year milk class) to class 10 (best 
within herd-year milk class). Cows with a decrease 
in within herd-year milk (classes 1 to 4) showed sig-
nificantly higher RR with respect to the reference class 
(milk = 5). Conversely, cows with an increase of within 
herd-year milk (classes 6 to 10) had lower RR than the 
reference class. Relative risk for cows in class 1 is much 
higher than for animals in the other milk classes, sug-
gesting that large negative, within herd-year deviations 
of milk yield had a strong effect on culling. Cows with 
a lactation length <60 d (milk = 11) showed a higher 
risk of being culled with respect to other milk classes, 
which simply reflects that lactations shorter than 60 d 
are rare in the absence of early culling.

Risk ratios for fat and PROT decreased from class 
1 (worst within herd-year fat or PROT class) to class 
5 (best within herd-year fat or PROT class). These 

results are consistent with previous studies (Samoré et 
al., 2003; Ducrocq, 2005).

Traits Related to Reproduction. The 2 traits as-
sociated with reproduction are INS and CALV. Table 
4 reports the relative risk of being culled for INS for 
the 2 classifications proposed. The first one (INS1) 
makes use of the recorded information available when 
a farmer takes the decision to cull an animal or not; 
the second one (INS2) takes into account retrospective 
information about the pregnancy status of the animals. 
The true situation is probably intermediate: after sev-
eral unsuccessful inseminations, a farmer may decide 
to stop inseminating her and to cull the cow at the 
end of her lactation (or before). However, the exact 
moment when this decision is taken is not available in 
any database. As a proxy, our modeling assumes that 
the farmer does not know whether an insemination 
is successful during the first 2 mo after insemination. 
After these 2 mo, it is supposed that either the farmer 
knows that the cow is pregnant or the farmer knows 
that the cow is not pregnant and then decides to cull 
her when she becomes less productive. The class repre-
senting cows with a (yet) unknown outcome after the 
first AI (class 1) was chosen as the reference class. As it 
could be expected, cows that were not inseminated had 
a much higher risk of being culled than inseminated, 
supposed pregnant, or pregnant animals. The cows not 
inseminated were probably considered not suitable for 
another lactation by the farmer due to low milk pro-
duction, reproductive problems in previous lactations, 
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Table 2. Likelihood ratio test for the investigated models1

Trait   Abbreviation

True longevity

 

Functional longevity

LRT df P LRT df P

Reproduction trait                  
  Insemination status   INS12 30,252 11 <0.01   19,078 11 <0.01
    INS22 43,620 15 <0.01   33,281 15 <0.01
  Calving ease   CALV 162 8 <0.01   72 8 <0.01
Disease trait                  
  Clinical mastitis   CM 1,089 4 <0.01   866 4 <0.01
  SCC   SCC 3,067 7 <0.01   2,497 7 <0.01
  Displaced abomasum   DA 62 2 <0.01   16 2 <0.01
  Milk fever   MF 5 2 0.06   5 2 0.06
Type trait                  
  BCS   BCS 1,031 7 <0.01   1,682 7 <0.01
  Stature   STAT 1,017 8 <0.01   1,726 8 <0.01
  Body depth   BDE 1,071 8 <0.01   1,786 8 <0.01
  Udder depth   UDE 1,279 7 <0.01   2,105 7 <0.01
  Udder balance   UDB 1,071 7 <0.01   1,739 7 <0.01
  Teat length   TLS 1,019 8 <0.01   1,790 8 <0.01
  Feet and legs   FLS 1,014 7 <0.01   1,676 7 <0.01
  Temperament   TEMP 1,015 5 <0.01   1,676 5 <0.01
  Milking speed   MSP 1,029 5 <0.01   1,684 5 <0.01
1LRT = χ2 test statistic for the likelihood ratio test = −2(LogLreduced model − LogLfull model), in which LogL is the log-likelihood and df is 
the degrees of freedom for the χ2 test statistic.
2INS1 = insemination status based on AI information only; INS2 = insemination status including retrospective information about the pregnant 
status of the cows.
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or other health troubles. The fact that some of them 
survive is certainly due to incomplete information (e.g., 
the cow got pregnant through a natural service) or 
cows calving just before the end of the study. The risks 
of being culled for cows inseminated but with an as 
yet unknown outcome were lower compared with ani-
mals for which the farmer knew their pregnant status 
(classes 1 to 4 vs. 5 to 8). This indicates that farmers 
tend to wait until they know the success or failure of 
the insemination before deciding to cull their cows. 
The RR for cows with known outcome (classes 5 to 
8) were lower with INS1 compared with with INS2. In 
addition, the risks to be culled for definitely pregnant 
cows (classes 9 to 12) were very low compared with 
those in classes 5 to 8. This suggests that in the classes 
including cows with known pregnant status after 2 mo 

(under INS1), there are 2 groups of animals: the cows 
certainly pregnant that gave birth to a calf, and the 
animals for which farmers decided to stop insemina-
tion. For both groups of animals inseminated, with or 
without a known outcome, RR were higher after the 
first and fourth AI than after the second and third AI. 
Given that different AI occurred in different lactation 
stages, estimates of RR can be affected by the time 
when cows were inseminated. Further investigation of 
the interaction between lactation stage and pregnancy 
status may help to better understand the influence of 
INS on longevity (e.g., as in Gröhn et al., 1997).

Calving difficulty is a direct risk factor for culling 
(Beaudeau et al., 2000). The RR of culling for CALV 
in primiparous and multiparous cows are presented in 
Figure 1. The effect of the interaction between par-
ity (primiparous vs. multiparous cows) and CALV was 
investigated. The class representing unassisted calvings 
(CALV = 1) was chosen as the reference class for both 
primiparous and multiparous cows. When LPL was not 
adjusted for milk production (TL), both primiparous 
and multiparous cows showed a higher risk of being 
culled after a calving needing assistance with respect to 
the reference class (CALV = 1), and the risk ratios were 
larger when calving difficulties increased. Similarly, pri-
miparous cows whose calving needed assistance (CALV 
= 2 and CALV = 3) and multiparous cows whose 
calving needed slight assistance (CALV = 2) showed 
greater RR with respect to the reference class. In ad-
dition, when FL was analyzed, the risk of being culled 
for cows having very difficult calvings (with cesarean 
section or fetotomy; CALV = 4) was not significantly 
different with respect to the RR for the animals with 
unassisted calvings (CALV = 1). This surprising result 
may be due to a low number (230) of such observations 
or proper assistance by a veterinarian, whose cost is an 
incentive to keep the cow for an additional lactation 
to recover the expense. These results are consistent 
with previous studies (López de Maturana et al., 2007; 
Sewalem et al., 2008). In addition, RR for FL were 
lower than for TL. As reported by Dematawena and 
Berger (1997), difficult calvings are associated with a 
decrease in 305-d adjusted milk, fat, and protein yield. 
Consequently, farmers are more prone to cull cows ex-
periencing assisted calvings and not able to maintain a 
high milk production.

Clinical Mastitis and Somatic Cell Count. The 
RR of culling for the different CM classes are presented 
in Table 5. The class representing the complete absence 
of CM during a given lactation was chosen as the ref-
erence class. Cows that experienced at least one CM 
had a significantly higher risk of being culled than the 
animals in the reference class (CM = 0). Animals with 
4 or more events of CM had more than twice a risk 
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Table 3. Relative risk of culling for within herd-year deviations for 
milk yield (milk), fat, and protein (PROT) contents1

Milk production 
trait class2

Relative risk 
of culling

Uncensored 
failures

Milk    
  1 29.52** 12,329
  2 4.36** 4,115
  3 2.20** 4,225
  4 1.38** 4,596
  53 1.00 5,289
  6 0.75** 5,426
  7 0.60** 5,458
  8 0.49** 4,836
  9 0.42** 3,704
  10 0.32** 1,670
  11 392.76** 6,201
Fat    
  1 1.13** 8,745
  2 1.03 11,790
  33 1.00* 11,702
  4 0.97* 10,488
  5 0.82** 8,923
  64 1.00 6,201
PROT    
  1 1.56** 9,791
  2 1.13** 12,884
  33 1.00 12,500
  4 0.86** 9,813
  5 0.64** 6,660
  64 1.00 6,201
1Significance of the χ2 statistic, testing the difference between risk 
ratios associated with each level and that of the reference class (class 
5 for milk; class 3 for fat and PROT).
2Milk was classified in 10 classes using within herd-year deviations 
of 305-d milk yield from bottom 10% (class 1) to top 10% (class 10). 
The eleventh class included cows with lactation length <60 d. Fat and 
PROT were classified in 5 classes using within herd-year deviations of 
305-d fat or PROT contents from bottom 20% (class 1) to top 20% 
(class 5). The sixth class included cows with lactation length <60 d. 
3Reference class.
4Relative risk for class 6 for fat and PROT were fixed to 1. In fact, 
they are not estimable at the same time with class 11 for milk because 
these classes strictly include the same animals.
*P < 0.05; **P < 0.01.
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of being culled than cows that did not experience the 
disease. Moreover, the RR continuously increased from 
class 1 (one CM during the lactation) to class 4 (4 CM 
or more). Gröhn et al. (1997, 1998) and Neerhof et al. 
(2000) reported similar trends. The increase in risk of 
culling across CM classes was quite similar for TL and 
FL, with a slightly higher level for TL than for FL for 
animals having 2 or 3 events of CM. A closer look at 
the proportion of CM events showed a quite similar 
incidence of CM across milk production classes with 
just a modest increase in class milk = 1, which may be 
explained by the negative effect of mastitis on produc-
tion. In fact, several studies (e.g., Wilson et al., 2004; 
Bar et al., 2007) showed a detrimental effect of CM on 
milk yield.

Table 6 summarizes RR for SCC classes. The class 
representing the absence of any high SCC (SCC = 0) 
was chosen as the reference class. Results for SCC were 
similar to (and consistent with) CM results. Cows with 
at least 2 TD with SCC higher than 300,000 cell/mL 
(i.e., the level beyond which subclinical mastitis can 
be considered) had a significantly higher risk of being 
culled than animals in the reference class. From class 
1 (one TD having SCC >300,000 cell/mL) to class 6 
(more than 6 TD where SCC >300,000 cell/mL), the 
RR increased continuously. As an example, the RR for 
cows in the class 6 was twice the RR of animals in the 

reference class. A negative effect of high concentrations 
of somatic cells on functional longevity was also found 
in previous studies of Samoré et al. (2003) and Sewalem 
et al. (2006). Comparison of estimations for TL and FL 
revealed that the risk of being culled due to high SCC 
was greater when longevity was not adjusted for milk 
production. As for CM, this suggests that farmers are 
not prone to keep in the herd cows with several TD 
having SCC >300,000 cell/mL. This may be explained 
by the reduced milk yield caused by subclinical mastitis 
and penalties in the milk payment system for milk of 
poor quality.

Other Diseases. Table 7 reports the RR for DA. 
The class representing the absence of DA (DA = 0) was 
chosen as the reference class. When TL is considered, 
cows with the disease (DA = 1) had a significantly 
higher risk of being culled than animals that did not ex-
hibit DA. However, this risk is lower for FL (i.e., after 
correction for milk production traits). In contrast, both 
TL and FL are affected by DA during the subsequent 
lactations (DA = 2): in other words, the best cows 
among those with DA are more likely to be kept for an 
extra lactation to take advantage of their productivity 
during the current lactation and because the surgical 
intervention for a DA represents a cost that the farmer 
needs to recover. However, all cows experiencing DA 
surgery appear to be at a higher risk of being culled in 
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Table 4. Relative risk of culling associated with true (TL) or functional (FL) longevity as a function of the AI status of the cow1

Class   Description

INS12

 

INS23

Relative risk
Uncensored 

failures

Relative risk
Uncensored 

failuresTL FL TL FL

0   No AI 7.40** 4.19** 35,652   7.26** 4.01** 35,652
14   First AI, outcome unknown 1 1 1,244   1 1 1,244
2   Second AI, outcome unknown 0.92 0.91 * 813   0.92 * 0.89 * 813
3   Third AI, outcome unknown 0.90* 0.85** 510   0.89 * 0.82** 510
4   Fourth AI, outcome unknown 0.96 0.84** 452   0.92** 0.79** 452
5   Pregnant status known after 2 mo from the 

first AI
1.70** 1.22** 6,143   4.34** 3.07** 4,220

6   Pregnant status known after 2 mo from the 
second AI

1.42** 1.05 4,198   3.35** 2.56** 3,106

7   Pregnant status known after 2 mo from the 
third AI

1.41** 1.04 3,200   3.16** 2.38** 2,575

8   Pregnant status known after 2 mo from the 
fourth AI

2.17** 1.61** 5,259   3.40** 2.62** 4,902

9   Certainly pregnant after the first AI         0.68** 0.47** 1,924
10   Certainly pregnant after the second AI         0.50** 0.34** 1,092
11   Certainly pregnant after the third AI         0.40** 0.28** 626
12   Certainly pregnant after the fourth AI         0.38** 0.23** 357
1Significance of the χ2 statistic, testing the difference between risk ratios associated with each insemination status level and that of the reference 
class. 
2INS1 = classification of the trait that does not take into account retrospective information about the real success or failure of AI.
3INS2 = classification of the trait that considers retrospective information about the real success or failure of AI.
4Reference class.
*P < 0.05; **P < 0.01.
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later lactations. As reported in Detilleux et al. (1997), 
DA is associated with a decrease in milk yield, which 
can favor the culling of the animals because they are 
less productive.

The RR of culling after a MF are presented in Table 
8. As found in the LRT analysis, this trait did not show 
a significant relationship with TL and FL. The review 
of Beaudeau et al. (2000) reported that the previous 
studies investigating the effect of MF on longevity 
found opposing results. With regard to our study, it is 
important to consider that information for MF was col-
lected from diaries filled out by the farmers. Given that 
the recordings were not performed by a veterinarian, 
preventive treatments may have been recorded errone-
ously as MF events for some cows, which may explain 
the absence of increased relative risk of culling for MF.

Type Traits. Risk ratios for BCS, STAT, and BDE 
are presented in Figures 2A, B, C. When LPL was not 
adjusted for milk production (TL), cows having high 
scores for BCS (Figure 2A) showed a greater risk of 
being culled than animals in the reference class (BCS = 
5). In addition, for fat cows (BCS = 7 and BCS = 8), 
the risk of being culled for TL was greater than for FL. 
This finding is consistent with the reported negative 
relationship between BCS and milk yield (Berry et al., 
2003).

Stature did not have a strong influence on TL. As 
shown in Figure 2B, only very tall cows (STAT = 9) 
had a RR of being culled that was significantly different 
from the animals in the reference class (STAT = 5). 
The risk of being culled for tall cows was 1.2 and 1.1 

Rostellato et al.: LONGEVITY IN DAIRY CATTLE

Figure 1. Relative risk of culling for calving ease in primiparous and multiparous cows associated with true (TL) and functional (FL) lon-
gevity. Significance of the χ2 statistic, testing the difference between risk ratios associated with each calving ease score level and class 1 (no 
assistance) chosen as the reference class for both primiparous and multiparous cows. **P < 0.01.

Table 5. Relative risk of culling for clinical mastitis (CM) associated 
with true (TL) and functional (FL) longevity1

CM
Number of 
CM events

Relative risk
Uncensored 

failuresTL FL

02 0 1.00 1.00 43,874
1 1 1.09** 1.04** 8,085
2 2 1.48** 1.39** 3,410
3 3 1.91** 1.70** 1,475
4 4 or more 2.10** 2.18** 1,005
1Significance of the χ2 statistic, testing the difference between risk 
ratios associated with each CM level and that of the reference class 
(CM = 0). 
2Reference class.
**P < 0.01.

Table 6. Relative risk of culling for SCC associated with true (TL) 
and functional (FL) longevity1

SCC

Number of 
test-days with SCC 
>300,000 cells/mL

Relative risk
Uncensored 

failuresTL FL

02 0 1.00 1.00 35,401
1 1 1.00 0.94** 6,754
2 2 1.46** 1.25** 4,256
3 3 1.69** 1.45** 2,901
4 4 1.93** 1.67** 2,305
5 5 2.05** 1.89** 1,719
6 6 or more 2.20** 2.11** 4,217
1Significance of the χ2 statistic, testing the difference between risk 
ratios associated with each SCC level and that of the reference class 
(SCC = 0). 
2Reference class.
**P < 0.01.
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times higher than for animals in the reference class. 
Reduced longevity for tall cows was also found in previ-
ous studies (e.g., Zavadilová et al., 2011).

Relative risks associated with BDE are shown in Fig-
ure 2C. Animals with large BDE (BDE ≥7) showed a 
risk of being culled that was significantly higher than 
cows belonging to the reference class (BDE = 5) for 
both TL and FL. As an example, the risk of being culled 
for cows belonging to class 9 was 1.3 times higher than 
that of animals in the reference class. This is consistent 
with the results of Larroque and Ducrocq (2001). More-
over, for those cows, RR associated with TL were lower 
with respect to the risk of being culled for FL. This 
suggests that within these classes, the most productive 
animals are somewhat protected from culling.

Estimated risk ratios for udder traits are shown in 
Figures 3A, B, and C. Based on LRT analysis, UDE 
is the type trait with the strongest influence on TL 
and FL. Relative risks for UDE (Figure 3A) were much 
higher and significantly different from those for the ref-
erence class (UDE = 5) for cows with the udder floor 
below hock level (UDE ≤4). In contrast, cows having 
udder floor above hock level (UDE ≥6) had a lower 
risk of being culled with respect to the reference class. 
Cows with low scores for the trait showed smaller RR 
for TL than for FL. Conversely, the risk of being culled 
associated with TL was higher than FL for animals 
with UDE >6. This suggests that udder depth score is 
somewhat corrected for production by the farmer when 
taking a culling decision: a very deep udder is more 

unacceptable if the cow is not a good producer and a 
shallow udder is even more favored for high-producing 
cows. Norman et al. (1988) and Larroque and Ducrocq 
(2001) found similar results.

Relative risks for UDB are depicted in Figure 3B. 
Cows having the rear quarters deeper than the front 
quarters (UDB = 2 and UDB = 3) showed higher 
risk of being culled than animals in the reference class 
(UDB = 5), whereas slightly higher front quarters sig-
nificantly reduce culling risk (this was not found for 
UDB scores ≥7 but they are relatively rare).

Teat length (Figure 3C) did not show a strong in-
fluence on longevity. In fact, there were no significant 
differences between RR estimated for animals with ex-
treme scores for TLS and cows in the reference classes 
for the trait. The absence of effect of teat traits on FL 
in French Holstein cows was also found in Larroque and 
Ducrocq (2001).

Relative risks for FLS are presented in Figure 4A. 
Cows with poor FLS had a higher risk of being culled 
than animals in the reference class (FLS = 5) for both 
TL and FL. The welfare impact for the cows and the 
economic impact of lameness on the herd (Onyiro et 
al., 2008) can favor the culling of cows with impaired 
locomotion from the herd. No significant differences be-
tween risks to be culled for animals with very good feet 
and legs and those in the reference class were found.

As shown in Figure 4B, TEMP did not show strong 
effects on longevity, although slightly nervous cows had 
a significantly lower culling risk for FL with respect 
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Table 8. Relative risk of culling for milk fever (MF) associated with true (TL) and functional (FL) longevity1

MF   Description

Relative risk
Uncensored 

failuresTL FL

02   Absence of MF 1 1 52,038
1   Presence of MF and culling in the same lactation of the disease 0.92* 0.93 685
2   Presence of MF and culling in a subsequent lactation 1.03 1.08 363
1Significance of the χ2 statistic, testing the difference between risk ratios associated with each DA level and that of the reference class (MF = 0). 
2Reference class.
*P < 0.05.

Table 7. Relative risk of culling for displaced abomasum (DA) associated with true (TL) and functional (FL) longevity1

DA   Description

Relative risk
Uncensored 

failuresTL FL

02   Absence of DA 1.00 1.00 46,555
1   Presence of DA and culling in the same lactation of the disease 1.37** 0.89* 384
2   Presence of DA and culling in a subsequent lactation 1.39** 1.21** 330
1Significance of the χ2 statistic, testing the difference between risk ratios associated with each DA level and that of the reference class (DA = 0). 
2Reference class.
*P < 0.05; **P < 0.01.
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Figure 2. Relative risk of culling for BCS, stature, and body depth associated with true (white bars) and functional (black bars) longevity. 
Body condition was scored from 1 (thin) to 9 (fat); stature was scored from 1 (small) to 9 (tall); body depth was scored from 1 (shallow) to 9 
(deep). The reference class for BCS, stature, and body depth is score 5. Significance of the χ2 statistic, testing the difference between risk ratios 
associated with each trait level and that of the reference class; *P < 0.05; **P < 0.01.
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Figure 3. Relative risk of culling for udder depth, udder balance, and teat length associated with true (white bars) and functional (black 
bars) longevity. Udder depth was scored from 1 (udder floor below hock level) to 9 (udder floor above hock level); udder balance was scored 
from 1 (rear quarters are deeper than front quarters) to 9 (front quarters are deeper than rear quarters); teat length was scored from 1 (short) 
to 9 (long). The reference class for udder depth, udder balance, and teat length is score 5. Significance of the χ2 statistic, testing the difference 
between risk ratios associated with each trait level and that of the reference class; *P < 0.05; **P < 0.01.
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Figure 4. Relative risk of culling for locomotion, temperament, and milking speed associated with true (white bars) and functional (black 
bars) longevity. Feet and legs score was scored from 1 (poor locomotion) to 9 (easy locomotion); temperament was scored from 1 (very nervous) 
to 5 (very docile); milking speed was scored from 1 (fast milking) to 5 (slow milking). The reference class for feet and legs is score 5; the refer-
ence class for temperament and milking speed is score 3. Significance of the χ2 statistic, testing the difference between risk ratios associated with 
each trait level and that of the reference class; *P < 0.05; **P < 0.01.
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to the reference class, which is difficult to interpret. A 
weak influence of TEMP on longevity was also found in 
the study of Larroque and Ducrocq (2001).

Animals with extreme scores for MSP (MSP = 1 and 
MSP = 5) showed a significantly higher risk of being 
culled than cows in the reference class for both TL and 
FL (Figure 4C). Farmers are probably less inclined to 
keep slow-milking cows in the herd because they can 
disrupt the flow of animals through the milk parlor 
and they require more labor. Similarly, higher culling 
of very fast milking cows can be due to their increased 
risk of having high SCC (Rupp and Boichard, 1999).

When considered across traits, the differences in RR 
between TL and FL show that once the effect of milk 
yield on culling has been removed we see that FL is 
affected by diseases and reproductive problems, factors 
that are known to reflect resilience (Adriaens et al., 
2020). In addition, the strong influence of milk produc-
tion level on RR suggests that FL is a better indicator 
of long-term resilience per se as the influence of milk 
production level on culling is adjusted for. However, 
TL is also of interest as a proxy as it will include any 
potential trade-off between resilience and production.

Given their influence on TL and FL, some of the 
major phenotypes studied here are obvious candidates 
to improve the accuracy of genetic and genomic evalu-
ations of true or functional longevity in a multiple 
trait context, expanding what has been implemented 
in French dairy cattle (Interbull, 2020). Furthermore, 
the analysis performed in this study can also be applied 
to evaluate how different environments and different 
farming conditions (e.g., multibreed herds or organic 
farming) may affect the factors influencing LPL. In our 
work, each of the investigated traits was studied dis-
tinctly from the others. Hence, future investigations to 
evaluate, on larger data sets, the potential interaction 
between traits would be useful to better understand 
how they influence TL and FL.

CONCLUSIONS

To identify culling risk factors, which can be priori-
tized to study and improve resilience in dairy cattle, 
the present study investigated the influence of sev-
eral factors related to fertility, morphology, and health 
status on true or functional longevity. Our analyses 
revealed that insemination status, CALV, CM, SCC, 
DA, and UDE have a significant effect on TL and FL. 
Differences in RR between TL and FL show that milk 
production often influences the risk of culling for all the 
aforementioned traits: animals with low production but 
with good other characteristics still run a high risk of 
being culled, logically reflecting the strong effect of the 
economic factors on culling decisions. 
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