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Survival analysis of length of life and length of productive life in Landlly sows
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ABSTRACT

Survival traits are of major importance in pig breeding as replacing a sow cost more than maintaining a sow in the
herd for additional parity. The objective of this study was to determine the factors affecting the longevity of Landlly
pigs by employing survival analysis. Both conventional Cox regression and the Fine-Gray subdistribution hazard
model were used in the analyses. The data were collected during the year 2014 to 2021, from the Swine Production
Farm, ICAR-IVRI, Bareilly. The average length of life (LL) of Landlly sows are 186 days at the farm, as most of the
sows are quickly removed (culled) from the herd after completing the first parity, while some sows are selected for
more than one farrowing leading to their average length of productive life (LPL) on the form to be 349 days making
the length of life (LL) is smaller than the length of productive life (LPL). The winter season (November-February)
was harmful to the survival of Landlly piglets. The initial years of birth had protective effects on the LL, while it
had hazardous effects on the LPL. The sows became safe from combined risks of removal after crossing parity
1 and parity 2, and they had longer LL. Similarly, after crossing Parity 1 and Parity 2, the sows became safe
from risks of removal due to culling, and they had longer LL. The sows also had higher hazards of death after
crossing Parity 1 and Parity 2. The sows had longer LPL if they crossed Parity 1 and Parity 2. It was found
that birthweight had a highly protective effect against risks of removal, and sows with higher birthweight had a
longer LL. No effect of age at the first farrowing on LPL could be found. The birthweight must be sufficiently
higher in Landlly pigs to achieve a longer LL, which could be achieved with better nutrition of sows during
pregnancy. To ensure longer LL and LPL of sows, the new-born piglets need to be protected during winter seasons.
Culling the sows in later parities will secure longer LL and LPL, saving the costs associated with raising replacement
gilts.
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Due to genetic and environmental variations, a female’s
lifetime production is not constant (Suwanasopee et al.
2005). For the farmer, a long productive life is important, and
for the animal’s well-being, it is highly desirable. According
to research, prolonging herd longevity will boost lifetime
yield and productive days, which will increase profitability.
By lowering the demand for replacement heifers, major
methane emissions sources, longer lifespans can also lower
greenhouse gas emissions. The productive length of the sow
is influenced by several genetic and environmental factors,
including sow biology, breed composition, management,
housing, season, nutrition, and age at first farrowing
(Engblom et al. 2009). Sows are usually removed from
the herd because of reproductive difficulties, old age, and
illness (Stalder et al. 2004). According to the findings of
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various studies, around 15% to 20% of sows are culled
after the first parity and more than 50% are culled before
their fifth parity due to fertility problems, lameness, illness,
and advanced age, resulting in greater operating expenses
in commercial pig farming (Stalder et al. 2004, Engblom et
al. 2007). For commercial pig breeding herds, the survival
traits are essential productivity indicators as they involve
sow productivity as well as the effectiveness of the swine
operation. Survival traits are of major importance in pig
breeding because it costs more to replace a sow than it does
to maintain a sow in the herd for additional parity (Hoge
and Bates 2011). Additionally, improving sow longevity
can help pig producers to make more profit by lowering
replacement gilt costs and associated development,
isolation, and acclimation costs (Stalder et al. 2004). Lower
replacement rates reduce production costs, minimize the
potential of disease transmission from gilts to sows, and
increase profit margins (Engblom ef al. 2009, Hoge and
Bates 2011). Longevity selection can improve welfare
and produce more robust pigs capable of coping with
potentially unusual farming conditions. Furthermore, older
sows are more likely to have been exposed to the diseases
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found on a farm and, as a result, can supply progeny with
better immunity (Sobczynska et al. 2013).

Determining the factors affecting longevity helps
to ensure proper management practices of the pigs and
enhance the profitability of the pig farms. The scientific
knowledge on the factors affecting longevity in Landlly
pigs is lacking. Therefore, this study was formulated to
assess the factors affecting length of life and length of
productive life in Landlly pigs.

MATERIALS AND METHODS

Study population: The study was carried out on
crossbred Landlly pigs. The Landlly pig has been developed
by crossing Landrace and Ghurrah pigs at the Swine
Production Unit. In Landlly Pig, Landrace and Ghurrah
have their inheritance levels fixed at 75% and 25%,
respectively. The production unit is located at 28°N latitude
and 79°E longitude at a height of 564 feet above mean sea
level. The temperature varies from 4.80°C in winter to
44.40°C in summer, and the relative humidity ranges from
45% to 85%. The Landlly pig shows good performance
for litter size, and it can be maintained with low input by
the pig farmers (Naha ef al. 2020). The current breeding
policy for the Landlly pig necessitates a regulated mating
system with five sire lines. The sows are generally culled
after completing 30-36 months of age, corresponding to
4% and 5% parity. The sows are culled for the reasons such
as low productivity, low fertility and lameness. The major
causes of the mortality are pneumonia, pneumoenteritis
and catarrhal enteritis.

Data collection: The data were collected during the
year 2014 to 2021. For each sow identity number, date of
birth, season of birth, year of birth, parity of dam, date of
first farrowing, and date of exits were retrieved from the
data registers of Landlly sows maintained at the Swine
Production Unit. The difference between the date of birth
and the date of exit was used to calculate the failure time
for the length of life (LL). Similarly, the difference between
the date of first farrowing and the date of exit was used
to calculate the failure time for the length of productive
life (LPL). The LL dataset consisted of records on 1305
sows while the LPL dataset contained records on 147 sows.
In the LL dataset, 1041 sows were culled and 104 sows
died during the study period. Fifty sows were removed
from the flock for research purposes. LPL dataset had
culling records of 107 sows and mortality records of only
5 sows. The last date of data collection was 23/07/2021,
and the sows that were present in the flock on this date
were recorded as ‘right censored’. The season of birth was
divided into three categories (November-February, March-
June and July-October). The year had seven levels while
the parity of the dam had four levels for the LL dataset and
three levels for the LPL dataset.

Statistical techniques: The non-parametric survival
analyses of the length of life (LL) and length of productive
life (LPL) of the sows were estimated by the product-limit
method of Kaplan and Meier (1958):
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where t, refers to the duration of study at any point i. d.
and are n, the mortality up to point i and the number of
individuals at risk just prior to t (Kaplan and Meier 1958)
respectively. The semi-parametric Cox proportional
hazards model was fitted as follows:
MUX) = A (Dexp (X}

where A(t|X) refers to the hazard for the failing individual.
The hazard is a function of two components: some
unspecified ‘baseline’ hazard given by A (t) and a set
of covariates given by X acting multiplicatively on the
baseline hazard in a time-independent manner (Cox 1972).
B is the vector of regression coefficients for covariates
given by X. Proportionality of the Cox model was assessed
by scaled Schoenfeld residuals against transformed event
time. In case of failure of proportionality assumption, the
above basic model was extended to incorporate the time-
varying coefficient as follows:

Mtlz(t)) = A, (Dexp {BX +yXg(t)}
where 3 and y are coefficients referring to time-fixed and
time-varying covariates, respectively (Zhang et al. 2018).
To circumvent the problems arising from the small size of
LPL dataset, Firth’s bias reduction was applied (Firth, 1993) to
the Cox regression of LPL dataset. Since there were two causes
of removal of sows (mortality and culling) competing with
each other in the LL dataset, the Fine-Gray model proposed
by Fine and Gray (1999) was used for regression analysis of
the two outcomes taking into account the competing risks.
The semi-parametric proportional regression model for the
subdistribution hazard function is represented as:
AF(EX) = A *(Dexp {BX }

The ‘subdistribution hazard’ A*(t | X) is the hazard for
an individual who either fails from cause k or does not
fail, and in case of no failure, the individual has an infinite
failure time for cause k. Subdistribution hazard is a function
of some unspecified ‘baseline’ hazard A *(t) and a set of
covariates defined by X. § denotes the vector of regression
coefficients for different covariates. As in the case of Cox
regression, the covariates act to multiply the baseline sub-
distribution hazard in a time-independent manner.

Data analysis: For the survival analysis of LL, the
explanatory variables were the year of birth, season of
birth, parity of dam, and birth weight. Year of birth,
season of birth, parity of dam, and age at first farrowing
were the explanatory variables for LPL. The regression
modeling of LL data was performed in two ways: first,
considering the all-cause risk of removal of sows from
the herd (culling and mortality together) by traditional
Cox regression, and second, taking the risks of culling and
mortality as competing risks by Fine-Gray model. LPL
data was analyzed by Cox regression considering only the
risk of removal due to culling, as most of the sows were
removed from the herd by culling (107 sows) and mortality
records were only 5 in number. The R package ‘survival’
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was used for survival analysis (Therneau et al. 2000 and
2022). ‘coxphf” package (Heinze et al. 2023) was used to
implement Firth’s bias reduction applied to the Cox model
(for LPL dataset). For competing risks analysis, the Fine-
Gray subdistribution hazard model implemented in the
‘cmprsk’ package (Gray 2022) was used. The ‘ggfortify’
package (Tang er al. 2016, Horikoshi and Tang 2016),
the ‘smoothHR’ package (Meira-Machado et al. 2013,
Araujo and Meira-Machado 2022), and the base R were
used for the generation of the plots. Before Cox regression,
the linearity assumption of birthweight for LL data was
checked. This was followed by the test of proportionality
of all the covariates for both LL and LPL. All the analyses
were executed in R statistical environment, R version 4.1.2
(R Core Team 2021).

RESULTS AND DISCUSSION

Kaplan—Meier curves: There is a steep fall within
250 days after birth for LL, followed by an almost linear
downward fall (Fig. 1). There were a total of 1305 records
of animals completing their life cycle for the period 2014 to
2021. Out of this, most of the animals (1041) were culled,
accounting for about 79.77% of the total animals. One
hundred and four animals (7.97%) died within the period
(Table 1). The mean and median survival times for LL were
186 and 90 days, respectively. For LPL, the survival curve
has almost a linear downward fall until 700 days after
the first farrowing, followed by a flat curve for the next
100 days, and finally, the curve plunges to the horizontal
line (Fig. 2). There were only 1, 9, and 9 disposals of the
females within the first 30 days, between 31 to 60 days,
and 61 to 90 days after the first farrowing. Of the total 147

100%~
o 75%"

50%-

Survival Percantag

0%-

0 250 500 750 1000 1250
time

Fig. 1. Plot of Kaplan—Meier curve showing survival against
time for length of life (LL) of Landlly pigs. Surv is survival
probability.

Table 1. Summary of culling, mortality and censoring statistics

Length of Life (LL) Length of Productive
Life (LPL)
Number Percent Number Percent
of exits contribution of exits contribution
Culling 1041 79.77 107 72.79
Mortality 104 7.97 5 3.40
Censoring 110 8.43 35 23.81
Others 50 3.83 0 0.00
Total 1305 - 147 -

[Indian Journal of Animal Sciences 95 (2)

Smooth log hazard ratio for birth weight

10

LnHR(ZZreh)

05

00

Birth Weight

Fig. 2. Plot of Kaplan—Meier curve showing survival against
time for length of productive life (LPL) of Landlly pigs. Surv is
survival probability.

records of the first farrowing, 107 females were sold and
only 5 females died. The mean and median survival times
for LPL were 349 and 349 days, respectively. The censored
records accounted for 8.43% and 23.81% of LL and LPL
datasets, respectively.
Cox regression analyses

Cox regression analysis of length of life: The results of
the Cox regression for all-cause risk of removal for LL are
presented in Table 2, showing estimates of hazard ratios of
the covariates along with their 95% Confidence Intervals
(CIs) and actual p-values. Table 3 shows the estimates of
hazard ratios along with 95% Confidence Intervals (Cls)
and actual p-values for culling and mortality, accounting
for competing risks. Following the recommendations
of Schneider (2015), the dichotomisation of results as
‘significant’ and ‘non-significant’ was consciously avoided.

As shown in Table 2, parity 2 had a higher hazard of
all-cause risk of removal of the sows from the herd as
compared with Parity 1 (hazard ratio: 1.05, 95% CI, 0.89

Table 2. Hazard ratios from the Cox hazards model for all-cause
risk of removal for the length of life

Hazard 95% 95%

Risk factor Ratio Lower CI Upper CI p-value
Parity2 (Ref.Parity1) 1.05 0.89 1.25 0.55
Parity3(Ref.Parity1) 0.82 0.67 1.00 0.05
Parity4(Ref.Parity1) 0.38 0.18 0.79 0.01
Season2(Ref.Seasonl)  0.88 0.71 1.08 0.21
Season3(Ref.Seasonl)  0.63 0.49 0.81 0.00
Year 1.21 1.16 1.25 0.00
Birthweight 0.39 0.30 0.52 0.00
Parity2*time 0.9998  0.9991 1.0004  0.49
Parity3*time 1.0001  0.9993 1.0008  0.88
Parity4*time 1.0030 0.9997  1.0063 0.07
Season2*time 0.9993  0.9984  1.0003 0.17
Season3*time 0.9994  0.9983 1.0005 0.27
Year*time 0.9993  0.9991  0.9995 0.00
Birthweight*time 1.0004 0.9994 1.0014  0.42

CI = confidence interval; time = time to event; Year = year of
birth; Parity*time, Season*time, Year*time, and Birthweight*time
denote adjustments of these factors with time in the model
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Table 3. Hazard ratios from the Fine-Gray subdistribution model for length of life (accounting for competing risks)

Culling Mortality
Risk factor Sﬁg‘;ﬁglg‘i‘(’)“ 2.5%Cl 97.5% CI  p-value Sﬁ:‘zigsrglgitt‘i‘(’)“ 2.5%CI 97.5%Cl p-value
Parity2 (Ref.Parityl) 1.07 0.92 1.24 0.37 0.77 0.46 1.29 0.32
Parity3 (Ref.Parityl) 0.88 0.74 1.05 0.14 1.02 0.62 1.69 0.93
Parity4 (Ref.Parityl) 0.48 0.27 0.86 0.01 1.51 0.48 4.74 0.48
Season2(Ref.Seasonl) 1.00 0.85 1.18 1.00 0.83 0.48 1.43 0.50
Season3(Ref.Seasonl) 0.80 0.66 0.97 0.03 0.63 0.32 1.23 0.18
Year 1.03 1.00 1.06 0.06 1.16 1.04 1.30 0.01
Birthweight 0.86 0.68 1.08 0.18 0.29 0.13 0.65 0.00

CI = confidence interval; time = time to event; Year = year of birth.Parityl and Seasonl in parentheses are respective reference
categories for the categorical covariates, with parity having four levels and season of birth having three levels

to 1.25). Parity 3 and Parity 4 had a protective effect as
compared to Parity 1. The sows born in March-June and
July-October had a lower risk of removal from the herd as
compared with those born in November-February. With the
passage of each year, there was an increase in the hazard
of removal of the sows from the herd (hazard ratio: 1.21,
95% CI, 1.16 to 1.25). Birthweight had a highly protective
effect against overall risks of removal (hazard ratio: 0.39,
95% CI, 0.30 to 0.52). With the increase in birthweight,
the overall risk of removal decreased linearly, indicating
lower birthweight was associated with higher hazard and
vive-versa (Fig. 3). As compared with Parity 1, Parity 2
had a higher hazard of risk of removal of the sows from
the herd due to culling while Parity 3 and Parity 4 had
a protective effect. This is similar to the all-cause risk
of removal of the sows. Contrary to this, Parity 2 had a
protective effect whereas Parity 3 and Parity 4 had higher
hazard for mortality as compared with Parity 1. The sows
born in March-June and July-October had a lower risk
of mortality as compared with those born in November-
February. November-February and March-June had similar
effects on culling while July-October had protective effects
against the risk of removal due to culling. Similar to the all-
cause risk of removal of the sows, year of birth had higher
hazards for both culling and mortality while birthweight
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Fig. 3. Plot of log (hazard ratio) against birthweight of Landlly
pigs. With increase in birthweight, there was decrease in the
overall risk of removal of sows from the herd. 2.0 kg is the default
reference chosen by the smoothHR package. HR is hazard ratio.

had protective effects against the risks of removal due to
both culling and mortality (Table 3).

Cox regression analysis of length of productive life:
As depicted in Table 4, Parity 2 had a higher hazard of
risk of removal of the sows from the herd due to culling
while Parity 3 had a protective effect as compared with
Parity 1 for the LPL. The sows born in March-June and
July-October had a lower risk of culling from the herd as
compared with those born in November-February. With the
passage of a year, there was a decrease in hazards for the
LPL due to culling. The age at the first farrowing had a very
small effect on the risk of removal due to culling, which
can safely be ignored.

In this study, the average length of life (LL) of Landlly
sows at the farm was 186 days as most of the sows were
rapidly culled after completing the first parity and average
length of productive life (LPL) of the sows selected for more
than one farrowing at the farm was 349 days. Estimated
LL and LPL were less than those found in the study by
Sobezynska et al. (2013), where the average LL and LPL
for Polish Landrace were 986 and 600 days, respectively. In
arecent study, Rani ef al. (2024) used linear model to study

Table 4. Hazard ratios from the Cox hazards model for risk of
removal due to culling for the length of productive life (with
Firth’s bias reduction)

Risk factor Hazard 93% 93% -value
Ratio Lower CI Upper CI p

Parity 2 (Ref. Parity 1) 1.01 0.63 1.61 0.98

Parity 3 (Ref. Parity 1) 0.84 0.49 1.46 0.54

Season2 (Ref. 070 029 170 043

Seasonl)

Season3 (Ref. 076 031 1.88  0.55

Seasonl)

Year 0.73 0.55 0.97 0.03

Ageat 1.0018  0.9994  1.0042  0.14

first farrowing

Year*time 1.0002  0.9995 1.0009 0.54

CI = confidence interval; time = time to event; Year = year of
birth. Parity] and Season] in parentheses are respective reference
categories for the categorical covariates, with parity and season of
birth each having three levels. Year*time denotes adjustments of
year with time in the model
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the longevity traits (length of life and length of productive
life) in Landlly sows. Sevon-Aimonen and Uimari (2013)
reported LPL for Finnish Landrace and Finnish Yorkshire
sows to be 482 and 452 days, respectively. In other studies,
the average LPL in Large White Yorkshire sows in the
USA and crossbred sows in Sweden was reported to be
485 days (Engblom ef al. 2009, Hoge and Bates 2011). The
average LL and LPL in the current study were also less
than those reported by Tarres et al. (2006) for Large White
sows in Switzerland, Yazdi et al. (2000) for Landrace sows
in Sweden, Heusing et al. (2005) in German Landrace
and Large White, and Meszaros ef al. (2010) for Austrian
Landrace sows.

The length of life and the length of productive life are
influenced by many factors. Serenius and Stalder (2007)
reported that the length of productive life in sows was
influenced by age at first farrowing. They have further
reported that the sows with younger age at first farrowing
tended to remain in the breeding herd for longer periods.
Knauer ef al. (2010) reported that the stay-ability of a sow
to the fourth parity is influenced by age at first farrowing,
in addition to other factors, such as farm, entry age, age
at puberty and lactation feed intake. Yazdi et al. (2000)
reported a significant effect of age at first farrowing on
the longevity of Swedish Landrace sows. Using Cox
proportional hazards model, Hoge and Bates (2011)
reported a significant association between age at first
farrowing and growth with the longevity of Yorkshire
females. In the current study, however, the effect of age at
the first farrowing on LPL could safely be ignored.

From the current study, it could be generalized that
the sows became safe from combined risks of removal
after crossing Parity 1 and Parity 2, and they had longer
LL. Similarly, after crossing Parity 1 and Parity 2, the
sows became safe from risks of removal due to culling,
and they had longer LL However, the sows had higher
hazards of death after crossing Parity 1 and Parity 2. The
sows became safe from the risks of removal after crossing
Parity 1 and Parity 2, and they had longer LPL. Zotti et al.
(2017) have reported that sow parity has effects on litter
development in the early age of piglets. The neonates are
prone to development of hypothermia as a result of sudden
drop in winter temperature culminating in death. In this
study, it was found that the winter season (November-
February) was harmful to the survival of Landlly piglets,
and this negatively affected both LL and LPL. The initial
years of birth had protective effects for the LL, while it
had hazardous effects on LPL. In the initial years, greater
number of first farrowing sows was removed due to
culling, and this was reflected in the hazardous effects of
the initial years of birth on LPL. Conversely, the exits due
to culling and death of the sows since their birth to final
disposal from the herd were lower in number in the initial
years, and this manifested as protective effects of the initial
years of birth for the LL. In the current study, it was found
that birthweight had a highly protective effect against risks
of removal and sows with higher birthweight had a longer
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LL. It has been shown that the low birthweight in Large
White X Landrace crossbred pigs negatively affects not
only the female piglet survival and growth rate but also
the longevity of female swine (Magnabosco et al. 2015,
Magnabosco et al. 2016). During early life, the piglet
birthweight affects the litter development (Zotti et al.
2017). The birth weight is also correlated to the protection
of piglets from cold environment. It has been reported
long ago that the newborn piglets with higher birthweight
perform better in a cold environment compared to those
with lower birthweight, as piglets with higher birthweight
have lower surface-area/body volume ratio and are less
prone to heat loss in cold environments (Stanton et al.
1973). For the piglets with low birthweight, it is difficult
to stand and reach the heat protection provided by dam,
resulting in the heat loss (Kammersgaard ez al. 2011).

CONCLUSION

To achieve a longer length of life, the birthweight must
be sufficiently higher in Landlly pigs, which could be
achieved with better nutrition of sows during pregnancy.
The new-born piglets need to be protected during winter
seasons, and this will ensure that sows will have longer
length of life and length of productive life. Since the
removal rate is high and a large proportion of removed
females are young, the longevity of the average sow has the
potential to be improved on the farm. The producer needs
to focus on the hazard factors causing the removal of the
sows. The improvement of longevity traits will be possible
through the control of environmental factors (such as
nutrition and management intervention). It is also desirable
to cull the sows in later parities to ensure a longer length of
life and length of productive life. This will save the costs
associated with raising replacement gilts.
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