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ESTIMATION OF FACTORS AFFECTING LONGEVITY 
USING COX REGRESSION SURVIVAL ANALYSIS IN SLOVAK 

PINZGAU COWS

MÉSZÁROS, GÁBOR — KADLECÍK, ONDREJ — KASARDA, RADOVAN

SUMMARY

The objective of this study was to evaluate the impact of various effects on the length of produc- 
tive life. Analyzed was dataset containing records from 24 189 culled Slovak Pinzgau cows, with 
first calving between 1983 and 2003. The risk ratio 1.554 fór year of first calving, 0.995 fór age at 
first calving, 0.880 fór stage of lactation, and 0.963 fór level of average lifetime milk production 
within herds were estimated. The risk ratio by farm type was nőt significant. Higher risk of culling fór 
younger cows were stated, related to year of first calving. The risk of culling fór cows from herds 
with high average lifetime production and in the later stages of lactation was lower. The correlation 
coefficients between sources of variation were low. The highest positive correlation was between 
years of first calving and level of average lifetime milk production within herds (r=0.1109), the lowest 
relationship was between year of first calving and classes of age at first calving (r=—0.0968).

ÖSSZEFOGLALÁS

Mészáros, G. -  Kadlecik, O. -  Kasarda, R.: SZLOVÁK PINZGAUI TEHENEK HASZNOS ÉLET­
TARTAMÁT BEFOLYÁSOLÓ TÉNYEZŐK BECSLÉSE COX FÉLE REGRESSZIÓS TÚLÉLÉSI 
ELEMZÉSSEL

Az élettartam, mint másodlagos (ún. funkcionális) tulajdonság meghatározó szerepet tölt be a 
szarvasmarha-tenyésztésben. Az első ellés és a selejtezés (kiesés) közti időszak napokban vagy 
hónapokban mért hosszát hasznos élettartamnak nevezzük. E tulajdonság kiválóan jellemzi a tehe­
nek termelékeny időszakát, ami szorosan kapcsolódik a termelés gazdaságosságához. A (hasznos) 
élettartam vizsgálata különösen fontos szerepet tölt be a veszélyeztetett szlovák pinzgau fajta 
esetében. A hasznos élettartamra ható effektusok hatása Cox viszonylagos kockázat modellje 
segítségével fejezhető ki. A selejtezés veszélyének becsült értéke kifejezi, milyen arányban módo­
sul a kockázat az effektus egységnyi változásával. Az 1,0 feletti érték a veszély növekvését, míg az 
alacsonyabb, annak csökkenését jelezte. A vizsgálat 24 189 már kiselejtezett szlovák pinzgau 
tehenet tartalmazó adatállományon történt. Az átlagos élettartam 7,01 év, míg a hasznos élettartam 
4,24 év volt. A selejtezés veszélye az egyes hatások szerint, a következő: az első ellés éve 1,554, 
életkor az első elléskor 0,995, a laktáció stádiuma 0,880, az állományonként átlag-életteljesítmény
0,963. A telep típusának hatása nem volt statisztikailag igazolt. A kockázat, a fiatalabb tehenek 
állományonkénti átlag-életteljesítmény esetében, valamint a laktáció előrehaladtával csökkent. A 
tényezők közti korrelációs együtthatók alacsonyak voltak. A legmagasabb korreláció az első ellés 
éve és a állományonkénti átlag-életteljesítmény között (r=0,1109), míg a legalacsonyabb, az első 
ellés éve és életkor az első elléskor (r=—0,0968) között volt.
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INTRODUCTION

Longevity could be defined as length of life expressed as the time interval 
from birth to culling. It represents the ability of a cow to delay culling from any 
reason. Length of productive life is expressed as period of time from first calving 
to culling. It is considered to have a negative relationship with production traits 
(Stefler, 2006). Longevity is considered to be an important functional trait, which 
Miesenberger (1997) expressed with high economic weight of 22.3% from the 
totál breeding value of the Pinzgau breed as the second most important after
protein production (27%).

The economical reason why longevity is so important consists in reduction 
of expenses and so in the rise of the profit (Kvdpilik and Pyloun, 2000). More 
significant was in dual purpose and dairy cattle breeds (Strapák et a!., 2005). 
With prolongation of production life the proportion of first, costly period of cow’s 
life from birth to first calving shortens. Increased longevity affects overall profit- 
ability of milk production by reducing replacement costs and increasing the pro­
portion of mature, high producing cows in a herd (Vukasinovic et al., 2001). The 
highest milk production is achieved mostly at the 4th to 5th lactation. Longevity 
results from good health and fertility status, from which low costs of veterinary 
care and insemination arises (Ess/, 1998). Lower proportion of involuntary cull­
ing allows the farmer to select more cows based on the level of their milk pro­
duction.

The high economic value of longevity trait results to its frequent inclusion 
intő breeding goals of dual purpose and dairy cattle by way of selection indexes. 
Selection only fór production traits unfavorably affects the longevity of a cow. 
Cruickshank et al. (2002) observed low coefficient of heritability (h =0.12), what 
indicates a high influence of breeding and production conditions on the manifes- 
tation of longevity.

The exact length of life could be measured only after culling, what may lead 
to extremely prolonged generation intervals. To bypass this situation Dédková 
and Kucera (2000) showed the appropriateness of the correlated traits evalua- 
tion. These indicate the potential ability to achieve high longevity, from data 
available in early stages of life. The most usable correlated traits are as follows: 
type traits as totál score, udder, feet and lég traits (Bunger and Swalve, 1999; 
Caraviello et al., 2003; Sewalem et al., 2005), bút alsó the somatic cell count 
and the occurrence of mastitis (Windig et al., 2005). Longevity is significantly 
affected alsó by amount of milk, protein and fát production (Vukasinovic et al., 
2001) parity and stage of lactation (Vukasinovic, 1999; Dédková and Kucera, 
2001; Egger-Danner et al., 2005) and by age at first calving (Sewalem et al., 
2005; Páchová et al., 2005; Egger-Danner et al., 2005).

One of the possible ways to express the influence of various factors to 
length of productive life is through the method of proportional hazards, alsó 
known as Cox model Cox (1972). The estimated hazard (or risk ratio) is the 
ratio of the hazards functions that correspond to a change of one unit of the 
given variable and conditional on fixed values of all other variables.

The method of survival analysis is alsó usable fór evaluation of all traits 
measurable on the timescale, such as service period, calving interval, days of 
fattening (Nagy et al., 2002). Although the usage of this method was presented
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on the example of the Pinzgau breed, the same method could be used alsó fór 
other breeds and species.

The aim of this study was to evaluate the impact of selected effects on the 
length of productive life of Slovak Pinzgau cows using the Cox model.

MATERIALS AND METHODS

Dataset contained 24 189 records of culled cows born between 1981 and
2000, first calved during years 1983 to 2003. Data with unrealistic values fór 
iength of (productive) life, stage of lactation and production traits were erased to 
bypass imprecisions in database. From the original dataset cows with age at 
first calving under 19 and more than 40 month were alsó expunged. The re- 
maining records were divided intő 22 intervals by age at first calving (31 days 
each). The herds were sorted to five classes based on the average lifetime pro­
duction of cows in each herd. First was the eláss with the lowest and fifth the 
highest average lifetime production. Farms were alsó divided by their status as 
registered and grade farms (two groups). The major part of the cows were bred 
in barns with tailed cows and milked in the stall. The others were in free stalls 
and milked in the parlor. This group was fed both on pastures and from trough, 
in comparison with the first group, which was fed in troughs only. Four stages of 
lactation were evaluated, with time intervals as follows:

1. stage: 0-30 days,
2. stage: 31-120 days,
3. stage: 121-240 days,
4. stage: 241-305 days.
The sources of longevity variation were evaluated individually and jointly 

with SAS 9.1 (proc PHREG). The proportional hazards model was used. The 
hazard ratio was estimated applying the model equation:

Á(t, Xi)=Ao(t)exp(x’P),

where Á(t, x , ) denominates the risk ratio of animal /', x, is the vector of ex- 
planatory variables that supposedly influence the culling process, and fi is the 
regression coefficient fór each effect. In case of the Cox model the baseline 
hazard function A0( t ) could be left completely arbitrary. The following model 
and effects were used:

A(t)=A0(t)exp(yci+afcj+stk+lmpi+ftm)

Where:
A(t) — the risk of culling at time t,
yCi — year of first calving (time independent) (i=1 ,...21)
afCj — age at first calving (classes) (time independent) (j=1 ,...22)
stk — stage of lactation at disposal (time dependent) (k=1, ... 4)
Impi — level of average lifetime milk production within herds (time depend­

ent) (1=1,. ..5)
ftm — farm type (time independent) (m=1, 2)
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The used levels of significance results were: P>0.05 nőt significant (— ); 
P<0.05 significant (*); P<0.01 highly significant (**).

RESULTS

The statistical overview of longevity and lifetime production is displayed in 
Table 1. In the evaluated dataset the mean length of productive life was 4.24 
years, mean length of life 7.01 years with average lifetime production of 11 641 
kg milk, 460.85 kg fát and 361.81 kg protein. Cows were culled on 4th lactation 
on average. The variation coefficients of parity at culling, length of (production) 
life, and alsó lifetime production were high, ranged from 42.74 to 83.63%.

Table 1.

Statistics of longevity and lifetime production

Variable(1) X
Standard 

deviation(11) SE Coeff. of 
variation(12)

Length of productive life, years(2) 4.24 3.01 0.02 71.18
Length of life, years(3) 7.01 3.00 0.02 42.74
Age at first calving, months(4) 33.17 4.19 0.03 12.63
First parity milk production, kg(5) 2330.93 932.13 5.99 39.99
Last parity milk production before 

culling, kg(6) 2433.34 1319.03 8.48 54.21

Number of parity at culling(T) 4.03 2.72 0.02 67.53
Lifetime milk production, kg(8) 11641.61 9648.09 62.03 82.88
Lifetime fát production, kg(9) 460.85 385.67 2.48 83.69
Lifetime protein production, kq(10) 361.81 293.98 1.89 81.25

1. táblázat: Az élettartam és az életteljesitmény statisztikai mutatói 
változó(1), hasznos élettartam, év(2), élettartam, év(3), életkor az első elléskor(4), tejtermelés az 
első laktációban(5), tejtermelés a selejtezés előtti laktációban(6), laktáció sorszáma a selejtezés­
kor^), életteljesitmény -  tej(8), életteljesitmény -  zsír(9), életteljesitmény -  fehérje(10), középérték 
közepes hibája(11), variációs koefficiens(12)

In Table 2. the individually estimated hazard ratios by each effect are 
shown. Its value represents the increase or decrease of the risk ratio in case 
when the value of the given effect changes by one unit. It means higher risk of 
culling fór effect with hazard ratio above 1.0 and its decrease below this value. 
According to our results the hazard ratio of younger cows is significantly higher. 
The risk of culling by the year of birth and year of first calving increased 1.556 
times. This increasing hazard could be the result of overall negative tendency in 
development of the pinzgau cattle. They were culled more often because of low 
milk production and the lack of competitiveness with other, more productive 
breeds. We alsó take intő consideration that our database contained only culled 
cows, and therefore the length of productive life was lower in the last years. At 
this point further research is needed with censored records. We found out 
higher risk of culling at the beginning of the lactations. The hazard ratio fór the 
stage of lactation was 0.828, which means lower risk in later lactation. Based on 
this results, we can conclude, that high proportion of cows were culled at the 
beginning of the lactation. The reason could be either occurrence of low milk 
production orthe breeding policy of the farmer.
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Table 2.

Regression coefficients and risk ratios of cows by resources of 
variation evaluated individually with survival analysis

Effect(1) Regression
coefficient(2) SE P Risk

ratio(3)
95% risk ratio confi- 

dence limits(4)
Year of first calving(5) 0.44379 0.00296 ** 1.559 1.550 1.568
Age at first calving, classes(6) 0.03348 0.00162 ** 1.034 1.031 1.037
Stage of lactation(7) -0.18839 0.00782 ** 0.828 0.816 0.841
Level of milk production within -0.15095 0.00523 ** 0.860 0.851 0.869
Farm type(9) -0.07076 0.01693 ** 0.932 0.901 0.963

2. táblázat: A különböző önálló hatásokhoz tartozó regressziós együtthatók és a selejtezés 
veszélyének becslése túlélési elemzés segítségével
hatás(1), regressziós együttható(2), selejtezés veszélye(3), selejtezés veszélyének 95%-os meg­
bízhatósági határai(4), első ellés éve(5), életkor az első elléskor, osztályok(6), a laktáció stádi­
uma^), állományonkénti átlag-életteljesítmény(8), telep típusa(9)

These results partially support those of Vukasinovic (1999), Egger-Danner 
et al. (2005), while they found out decrease of the hazard ratio during lactation 
in first and its increase in later parities. On the other side Dédková and Kucera 
(2001) stated greater probability of culling at second half of the lactation. The 
hazard ratio increased with age at first calving. This is in agreement with Se- 
walem et al. (2005), Egger-Danner et al. (2005), Páchová et al. (2005) who alsó 
observed higher culling risk of cows calved later at the first time. If the age at 
first calving was evaluated via classes the culling risk was higher. If the cow 
was inseminated at the first time at later age, we can expect higher milk produc- 
tion at the first lactation. The cow’s body is better developed and therefore more 
energy could be used fór milk production purposes. Ön the other hand the 
length of productive life and the lifetime production is lower, because the pro- 
longing of non-productive interval before the first calving. The risk of culling 
decreased with increasing production within herd, documented by hazard ratio
0.860. The breeding conditions in herds with higher average lifetime production 
were probably better. It was expressed in low hazard ratio and high production 
life of cows.

In the next step the selected effects were evaluated jointly (Table 3). The 
risk of culling had increased by the year of first calving, which is documented by 
the hazard ratio 1.554. This effect was the most significant, with the highest 
value of the chi square test. The risk ratio fór classes of age at first calving was 
different from the previous individual evaluation. In the joint model the risk of 
culling was lower by increasing eláss of age at first calving (1.034 vs. 0.995). 
The difference could be caused by interactions of effects in the joint model. Alsó 
certain farmers could prefer cows with higher age at first calving, according to 
their breeding policy. They may choose the higher milk production at the first 
lactation against the prolonged production life. The hazard ratio fór the average 
lifetime milk production within herds and fór stage of lactation was similar as 
before, although their value somewhat increased. In conclusion the risk of cull­
ing was lower fór cows from herds with high milk production and at the later 
stages of lactation. Farm type did nőt significantly affect the risk of culling.
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Table 3.

Regression coefficients and risk ratios of cows from jo in t evaluation model

Effect(1)
Regres­

sion coef- 
ficient(2)

SE Chi2 P Risk
ratio(3)

95% risk ratio 
confidence limits(4)

Year of first calving(5) 0.44085 0.00300 21579.71 ** 1.554 1.545 1.563
Age at first calving, 

classes(6)
Stage of lactation(7)

-0.00490 0.00160 9.44 ** 0.995 0.992 0.998

-0.12765 0.00781 267.14 0.880 0.867 0.894
Level of milk production 

within herds(8) -0.03760 0.00539 48.65 .. 0.963 0.953 0.973

Farm type(9) 0.03058 0.01730 3.12 — 1.031 0.997 1.067

3. táblázat: Az egyesített modell regressziós együtthatói és a selejtezés veszélye 
mint a 2. táblázatban(1-9)

The correlation coefficients among effects were low (Table 4). From signifi- 
cant effects the highest correlation coefficient was between the hazard ratio of 
age at first calving and the levels of average lifetime milk production within 
herds (r=0.1109). The lowest correlation coefficient was between year of first 
calving and classes of age at first calving (r=-0.0968).

Table 4.

Correlation coefficients between risk ratios of several effect

Effect(1) Year of first 
calving(2)

Age at first 
calving, 

classes(3)
Level of milk 
production(5) Farm type(6)

Age at first calving, classes(3) 
Stage of lactation(4)
Level of milk production(5) 
Farm type(6)

-0.0968
0.0386
0.1109
0.0735

-0.0113
0.0621

-0.0511
-0.0293
-0.0086 0.1882

4. táblázat: A selejtezés veszélyei okai közti korrelációk a különböző hatások szerint 
hatás(1), első ellés éve(2), életkor az első elléskor, osztályok(3), laktáció stádiuma(4), állományon- 
kénti átlag-életteljesítmény(5), telep tipusa(6)

CONCLUSIONS

Longevity is a desirable trait in dairy and dual purpose cattle breeding. It 
significantly affects the overall profitability by lowering expenses. This trait has 
alsó special importance fór the endangered Pinzgau breed.

The significance of sources of variation fór length of productive life was 
validated by survival analysis methodology. We found out higher risk of culling 
fór younger cows, as well as influence of the year of first calving. On the con- 
trary the risk of culling of cows from herds with high average production and in 
later stages of lactation was lower. Age at first calving, stage of lactation at cull­
ing and the level of milk production within herd were alsó highly significant. The 
farm type did nőt affect the length of productive life significantly. It can be con- 
cluded that the risk of culling was nőt affected by breeding in registered or 
grade herd.
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