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INTRODUCTION 
Survival analysis is used to analyze time to event or failure data such as mortality and 
longevity. Typically it has been assumed that there is only one type of event and is analyzed 
using cumulative binary or continuous time approaches.  Under this assumption, Southey et al. 
(2001) applied both approaches to lamb mortality and reported similar estimates of the 
explanatory variables. However, estimates of heritability using a continuous time sire model 
were greater than a cumulative logistic sire model while sire variances were very similar 
between models. Using an animal-time binary approach, Southey et al. (2002) showed that the 
heritability differences were due to the different metric rather than to differences in the 
approaches. 
 
A typical limitation of most survival analyses is that multiple causes of event are ignored and, 
consequently, event is treated as the result of a single cause. Individuals are at risk of event due 
to a number of different causes, for example, lambs can die or be removed from the flock due 
to reasons including disease, exposure or injury, or be culled due to reasons including physical 
defects and poor growth. Genetic parameters associated with different reasons of mortality 
using a cumulative binary approach have been reported in poultry by Lush et al. (1948) and 
Robertson and Lerner (1949), and sheep (Gama et al. 1991). The analysis of survival data 
using a competing risks model allows different models to describe the event occurring 
conditional on the different reason for the event to occur. The objective of this paper is to 
implement a competing risks model using survival analysis to describe lamb mortality. 
 
MATERIALS AND METHODS 
Description of population and management. Mortality records were obtained from an F3 and 
advanced generations of a terminal sire composite population (breed composition: 50% 
Columbia, 25% Hampshire, and 25% Suffolk) at the U.S. Meat Animal Research Center, Clay 
Center, Nebraska. Leymaster (1991) and Mousa et al. (1999) have previously described the 
formation and management of this population.   
 
Lamb records were available from 1985 through 1997 with the date and cause of mortality 
determined by necropsy. Records from lambs that lost their identification were removed 
because the status of these lambs was unknown. The data consisted of 8,642 lambs from 299 
sires and 2,475 dams. The reasons for mortality were grouped into the following categories: 
disease, dam (including dystocia and starvation), external reasons (including injury and 
weather related), pneumonia, and other (including eating disorders, physical reasons, and 
unspecified causes). The groupings were consistent with biological considerations while 
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providing sufficient number of records per reason. A summary of the mortality reasons from 
birth to four weeks of age by cause of mortality is given in table 1. Lambs raised in the nursery 
were treated as censored on the day they were placed in nursery. 
 
Table 1. Summary statistics for number of mortality records (N), mean survival age 
(Age), standard deviation of survival age (SD) and percentage mortality attributed to 
each cause. 
 
   
Cause N Age (d) SD Mortality (%) 
   
Disease 153 9 8 1.8 
Dam 302 3 6 3.6 
External 198 3 5 2.3 
Pneumonia 236 14 8 2.8 
Other 141 3 5 1.7 
Overall 1030 6 8 15.2 
   
 
Statistical analysis. A discrete time approach was implemented using animal-time binary sire 
and animal models (Southey et al. 2002). Animal-time binary response variables were created 
indicating either occurrence or nonoccurrence of each mortality cause for each animal on a 
weekly basis up to four weeks of age following Allison (1997). The explanatory variables were 
sex, age of dam (four levels; 1, 2, 3, and 4+ yr of age), type of birth (three levels, single, twin, 
and multiple), and contemporary group (18 levels derived from year of lambing and breeding 
period within year).  The analysis was conducted using ASREML (Gilmour et al. 2000) with 
the multinomial analysis approach of Begg and Gray (1984).  Heritabilities were computed as 
σ2

g/ (σ2
g + π2/6), where σ2

g is the additive genetic variance and π2/6 is the variance of the 
complementary log-log function (Fahrmeir and Tutz, 1994).  
 
RESULTS AND DISCUSSION 
Estimates of the explanatory variable effects were virtually identical between the sire and 
animal models, hence, only estimates of the hazard ratios from the sire model are presented 
(table 2). The estimates of the explanatory variable effects considering an overall cause of 
mortality were similar to previously reported estimates (Southey et al. 2001; Southey et al. 
2002). The interpretation of explanatory variables for overall mortality (i.e., ignoring different 
causes of mortality) is male lambs had 23% greater hazard of mortality than female lambs, 
single- and twin- born lambs had 71% and 56% lower hazard, respectively, than multiple born 
lambs, and lambs from 1-, and 2- yr old dams had 164% and 28% greater hazard than 4+ yr old 
dams whereas lambs from 3-yr old dams had 23% lower hazard than 4+ yr old dams. 
 
The estimated hazard ratio varied between causes of mortality although only lamb sex showed 
a marked difference from the trend observed for all causes (table 2).  Males had the same 
hazard of mortality than female lambs for external and other causes. However, male lambs had 
greater hazard of mortality than female lambs for Disease, Pneumonia and Dam causes. The 
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results also indicated that 1-yr dams provided a poor maternal environment as their lambs had a 
greater hazard of mortality than lambs from 4-yr old dams. This illustrates the importance of 
considering cause of mortality in the analysis of lamb survival. 
 
Table 2. Hazard ratios and standard errors for the explanatory variables by cause of 
mortality 
 
 Cause of Mortality 
EffectA Overall Disease External Dam Other Pneumonia 
Lamb Sex       

M-F 1.23±0.08 1.33±0.22 1.02±0.15 1.43±0.17 1.01±0.17 1.39±0.18 
Type of birth       

S-M 0.29±0.04 0.33±0.11 0.27±0.08 0.20±0.04 0.22±0.07 0.46±0.12 
T-M 0.44±0.04 0.58±0.15 0.56±0.13 0.32±0.05 0.28±0.07 0.56±0.13 

Age of dam       
1-4 2.64±0.38 2.90±1.13 2.96±0.98 4.27±1.26 3.27±1.21 1.71±0.48 
2-4 1.28±0.17 1.45±0.51 1.52±0.46 1.75±0.47 1.35±0.46 0.83±0.21 
3-4 0.77±0.10 1.08±0.37 0.49±0.16 1.03±0.28 0.87±0.29 0.56±0.14 

A M-F = effect of male lambs as deviation from female lambs; S-M = effect of single born 
lambs as a deviation from multiple born lambs; T-M = effect of twin born lambs as a deviation 
from multiple born lambs; 1-4 = effect of 1-yr old ewes as a deviation of 4-yr or older ewes; 2-
4 = effect of 2-yr old ewes as a deviation of 4-yr or older ewes; 3-4 = effect of 3-yr old ewes as 
a deviation of 4-yr or older ewes. 
 
Table 3. Estimates of sire and animal variances and the associated heritability for sire 
and animal models by cause of mortality 
 

 Sire Model Animal Model 
Cause Variance Heritability Variance Heritabilit

y 
Overall 0.11±0.03 0.25±0.07 0.28±0.08 0.15±0.04 
Disease 0.09±0.14 0.21±0.31 0.11±0.32 0.06±0.17 
External 0.08±0.12 0.18±0.27 0.23±0.26 0.12±0.12 
Dam 0.34±0.11 0.69±0.18 0.61±0.22 0.27±0.07 
Other 0.25±0.17 0.53±0.31 0.95±0.38 0.37±0.09 
Pneumonia 0.06±0.10 0.15±0.22 0.45±0.25 0.21±0.09 

 
The heritability estimates (table 3) varied between the sire and animal models depending on the 
cause of mortality. Estimates of heritability were lower in animal models than sire models for 
all causes except Pneumonia. High heritability estimates were observed for Dam and other 
causes suggesting possible maternal effects. Only the Dam, Other and Pneumonia causes 
provided sufficient information to fit a maternal model with zero correlation between additive 
direct and maternal effects. The direct heritabilities were 0.11±0.09, 0.17±0.13 and 0.18±0.12 
for Dam, Other and Pneumonia causes respectively, and the maternal heritabilities were 
0.18±0.08, 0.25±0.12 and 0.05±0.10 for Dam, Other and Pneumonia causes, respectively. 
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There is a well-known lack of identifiability in competing risks models used in this analysis 
(Crowder 1994). Consequently it is not possible to distinguish between an independent 
competing risk model and any cause-specific hazard model given the available information of 
time, cause of the event and time independent variables. Therefore, the competing risks 
approach used here assumed that the causes of mortality are independent even though some of 
the causes may not be strictly independent such as Pneumonia versus other diseases. 
 
CONCLUSION 
This study has shown the value of applying competing risks model to survival data and has 
been applied to longevity data (Rodriguez-Zas et al. 2002). The multiple factors involved in 
mortality and longevity indicate that ignoring the cause of the event may hide important 
genetic differences. Therefore, breeding programs are likely to be ineffective when multiple 
causes involved in time to event data such as mortality and longevity are ignored. 
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