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PROBLEM

To Model The Longevity Using Survival Analyses in Parallel to Quantitative Genetic Classic Models

TWO OPERATIONAL TRAITS

A)Length of productive life (LPL): Continuous Time
⊲ days from the 1st parity to culling/death

B)Number of parities (NP):Discrete Time

Similarities: Right censure, Truncation and Time-dependent variables

DATASET - from the Danish Pig Production

◮ All sows that had the first parity from 1999 to 2010, and
◮ Older than 480 days at the 1st parity
◮ 100,027 Yorkshire and 200,084 Landrace pure sows from 424 multiplier herds
◮ Basic information:

⊲ Age , Year and Season at the 1st parity,
⊲ Litter size , Herd size and Herd-Year at each parity, and
⊲ Sires pedigree back to 1994 (No information about the culling causes)

PROPORTIONAL HAZARD MODELS WITH FRAILTIES

A: Piece-wise constant hazard model - Continuous time
◮ For a positive continuous time r.v. T we model the hazard function

given by λ(t) = limδ→0+
P(t≤T<t+δ|T≥t)

δ
, for each t ≥ 0

◮ Model for i th sow (stratified by parity)

λip (t|t
p
i ,Xi ,Z1i ,Z2i) = λ0p (t − t

p
i ) exp {Xi(t)β + Z1iu + Z2iv}

where tpi is the time of ocurrence of the pth parity, for p = 1, 2, ...

B: Discrete hazard model - Discrete time
◮ For a positive discrete time r.v. T we model the hazard probability

given by λ(p) = P (T = p|T ≥ p) , for each p = 1, 2, 3, ...

◮ Model for i th sow

λi (p|Xi ,Z1i ,Z2i) = λ0(p) exp {Xi(p)β + Z1iu + Z2iv}

Common basic structure of the models
◮ Same fixed effects
◮ u ← vector of frailties representing genetic effects of the sires
◮ v ← vector of frailties representing environment effects (Herd-Year)

CUMULATIVE HAZARD CURVES FOR LPL

◮ Essentially the same pattern over time during the different parities
◮ Increasing levels from one parity to the other

ESTIMATED RANDOM COMPONENTS VARIANCES

Source of Variance
Yorkshire Landrace
LPL NP LPL NP

genetic 0.080 0.097 0.071 0.063
environment 0.262 0.337 0.217 0.219

residual 3.433 0.659 3.089 0.653

DISCRETE vs. CONTINUOUS MODEL

◮ Similar estimative of fixed effects, genetic and environment components
◮ Larger residual variance at the continuous model
◮ Discrete models is simpler
⊲ less fixed parameters to estimate
⊲ no hypotheses about constant interval hazard

◮ Correlation between Estimated Breeding Values (EBV)
⊲ 0.97 for Landrance & 0.95 for Yorkshire

GENETIC TREND FOR SURVIVAL PROBABILITY
Discrete model

CONCLUSION & DISCUSSION

◮ Similar results are obtained with both models

◮ There are many non-genetic causes influencing the day a
sow is culled, which explains the large residual variance at
the Continuous model

◮ The Discrete time model is simpler

◮ The selection performed in pigs did not spoil the
longevity

◮ There is still space for improvements by

⊲ Implementing the discrete time model in the genetic evaluation

⊲ Annotating whether a sow died or were culled
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