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ABSTRACT: The aim of this observational study is 
to identify risk factors associated with body weight 
(BW) variability in three data sets (DS) in commercial 
conditions. A total of 1,009 (DS1), 460 (DS2), and 
1304 (DS3) male and female crossbreed pigs (Pietrain 
× [Landrace × Large White]), respectively, were 
included in each trial. Pigs were periodically weighed 
until slaughter. Then, variables such as length of ges-
tation, length of lactation, parity, litter size, sex, birth 
BW, and ADG were considered. Pigs remaining on 
the farm after two loads to the slaughterhouse were 
defined as last group of animals sent to slaughter-
house (LGS). Descriptive statistics of variability were 
calculated, and a risk analysis approach was used to 
look for the factors related to LGS. A multiple logis-
tic regression was performed to identify all variables 
that were significant (P < 0.05). The risk ratio (RR), 
odds ratio (OR), and population attributable risk 
(PAR) were calculated for all of the significant varia-
bles after transforming all of them into binary factors 
using the 25th percentile as the cut-off point. Results 
showed that the major part of the variability (as CV) 
comes from birth (20% to 25%) and increased only a 
little during lactation and 14-d post weaning. From 
this point onwards, CV tended to decrease, as pigs 
got closer to the marketing weight (down 11.5% to 
12.7%). Regarding the indicators selected, RR, OR, 

and PAR presented similar trends in the three DS 
studied. Therefore, for the variables finally included, 
these indicators had their minimum values at the start 
of the cycle and then gradually increased at the end. 
Those results, based on an epidemiological approach, 
suggest that the closer to the end of the cycle the greater 
the probability for a light piglet of  being/becoming 
LGS. It might be explained by the shorter available 
time to efficiently implement preventive  measures 
aimed to improve the performance of  delayed pigs 
and, thus, reducing variability.Those results, based 
on an epidemiological approach, make sense as the 
probability for a light piglet to be a LGS increases the 
closer to the end of the cycle, due to the short time to 
implement preventive measures and increase the per-
formance of delayed pigs and reduce variability. The 
differential PAR associated with both, the nursery 
and the growing period, was 1.7% and 1.5% for DS1, 
5.1% and 3.1% for DS2, and 3.7% and 2.8% for DS3. 
For the lactation period, the results were 4.3% for 
DS2 and 4.5% for DS3. Results suggest that the most 
critical periods, in relation to retardation of growth 
in swine, are lactation and nursery. Implementing 
measures that maintain risk factors under or above 
thresholds, especially in the initial phases of growth, 
will reduce the percentage of LGS pigs and positively 
affect the overall homogeneity of the batch.
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INTRODUCTION

Body weight (BW) variability in swine produc-
tion hinders farm efficiency and occupation time, 
mainly in regard to the growing–finishing facilities, 
being a limiting factor for the current all-in-all-out 
swine production systems (Hardy, 1998; Patience 
et al., 2004). Thus, pigs with a slow growth rate are 
expected to reach market BW (MBW) later than 
their faster counterparts, reducing the pig produc-
er’s income and efficiency (Douglas et  al., 2014). 
Most of the economic consequences of a higher 
variability among cohorts have to do with the qual-
ity classification and quotation of the carcasses, 
mainly due to the lightest pigs within a same batch, 
which are severely depreciated (Larriestra et  al., 
2006; Douglas et al., 2014). Furthermore, although 
for sanitary reasons it is recommended to maintain 
contemporary pigs in the same batch (Backstrom 
and Bremer, 1976; Maes et  al., 2004), this could 
negatively influence BW homogeneity since all pigs 
will be managed as a group, independently of their 
BW and age associated with each batch farrowing 
dispersion. Certainly, there exist many variables 
that may affect pig performance, and, generally, 
pigs with a delayed growth are the consequence of 
several factors, such as environment, nutrition, and 
genetic potential, among others (Botermans et al., 
2000; Georgsson and Svendsen, 2002; Quiniou 
et  al., 2002). The growing–fattening is the most 
expensive period of the pig’s life, accounting for 
65% of the total cost of a pig of 109-kg BW (SIP 
Consultors, 2016). Then, to identify potential risk 
factors associated with the occurrence of pigs with 
a delayed growth could be a good strategy to reduce 
production costs, especially if  most of them can be 
easily modified in order to improve batch homoge-
neity. Consequently, reducing BW variability will 
increase the overall efficiency by reducing occu-
pation time of the nursery and growing–fattening 
facilities. Hence, the aim of the present observa-
tional study is to identify risk factors associated 

with pig’s growth retardation and their relation 
with BW variability and to quantify the popula-
tion attributable risk (PAR) in different phases of 
production in a sequential approach, in three pop-
ulations of pigs reared in commercial conditions 
through a risk analysis approach.

MATERIALS AND METHODS

The present work was conducted under the 
approval of the Animal Ethics Committee of the 
Universitat Autònoma de Barcelona and was in 
compliance with the European Union guidelines 
for the care and use of research animals (European 
Parliament, 2010).

Three independent populations of pigs were 
studied in Catalonia (Spain) in commercial condi-
tions. A summary of each data set (DS) is shown in 
Table 1.

In Data set 1 (DS1), pigs were monitored from 
weaning to slaughter. From weaning to the end of 
the nursing period (61 d of age, 5.5 wk), the pigs were 
allocated in a weanling unit facility, and during the 
growing–finishing period, all piglets were moved to 
a growing–finishing facility until slaughter.

In Data sets 2 (DS2) and 3 (DS3), pigs were 
monitored from birth until slaughter. From birth 
to the end of the nursery period (63 d of age, 9 wk), 
all animals were in the same facility farrowing unit, 
and at weaning, all piglets were moved without 
transport to the weanling unit located within the 
same farm for the entire nursery period. From this 
period onwards, pigs were moved to an external 
growing–finishing facility where they were reared 
until slaughter.

Animals, Housing, Management, and Diets

In DS1, 1,009 crossbred piglets (Pietrain × 
[Landrace × Large White]) from approximately 100 
litters were used. Animals came from a commer-
cial farm of 2,500 Landrace × Large White sows 

Table 1. Summary of the three data sets studied, containing information regarding the number of pigs 
used, the genetic line of sows and piglets, the average length of lactation, and type of management

Item Data set 1 Data set 2 Data set 3

Number of pigs, n 1009 460 1304

Data collection December 2013–June 2014 January 2014–August 2014 September 2015–April 2016

Pig crossbred line (P × [Ld × Lw]) (P × [Ld × Lw]) (P × [Ld × Lw])

Sex Males and females Males and females Males and females

Sow line Ld × Lw (nucleus) Ld × Lw (Hermitage) Ld × Lw (Hypor)

Length of lactation, d 21.0 ± 1.54 24.9 ± 2.10 21.4 ± 2.15

Type of management Weekly 3 wk 4 wk

BW recording Weaning to slaughter Birth to slaughter Birth to slaughter



385Swine growth and body weight variability

Translate basic science to industry innovation

(Nucleus S.A.S; France) with a weekly batch man-
agement production system.

In DS2, a total of 460 crossbred piglets (Pietrain ×  
[Landrace × Large White]) from nearly 40 litters 
were used. All animals were obtained from a com-
mercial farm of approximately 350 Landrace ×  
Large White sows (Hermitage, Gepork; Spain) 
that follows a 3-wk batch management production 
system.

Lastly, in DS3, a total of 1,304 crossbred pig-
lets (Pietrain × [Landrace × Large White]) from 110 
litters were used. All animals were acquired from a 
commercial farm of 500 Landrace × Large White 
sows (Hypor, Hendrix-Genetics, Netherlands) 
that follows a 4-wk batch management production 
system.

In all DS, piglets were cross-fostered by number 
in the following 24 to 48 h after farrowing. Next, 
piglets were processed and individually identified 
by conventional ear tags.

Regarding weaning, in DS1, it was set at 
21.0  ±  1.54 d.  Immediately thereafter, all piglets 
were transferred to a nursery facility and housed in 
three different rooms of 12 pens with 28 animals 
per pen. Free access to water and feed was guaran-
teed with a nipple-drinker and a commercial, metal 
nonlidded hopper with a capacity to feed six ani-
mals at a time, respectively.

In DS2, piglets were weaned at 24.9  ± 2.10 d 
and were also transferred to a nursery accommo-
dation. At this point, all piglets were housed in two 
weanling rooms of 20 pens with 11 animals per pen. 
Each pen was equipped with a nipple water drinker 
and a commercial, INOX-lidded hopper with a 
capacity to feed three animals at a time.

For DS3, piglets were weaned at 21.4  ±  2.15 
d of age, on average, and moved to a nursery unit 
and housed in four rooms of 24 pens with 23 to 
24 animals per pen. Each pen was equipped with 
a nipple-drinker and a commercial, plastic nonlid-
ded hopper with a capacity to feed five animals at 
a time.

All nursery accommodations were equipped 
with central heating and forced ventilation with 
a cooling system and completely slatted plastic 
floors. Thereafter, the animals of the three popu-
lations were moved to their corresponding external 
growing–finishing farm. In that period, the differ-
ent groups of pigs were not maintained in order to 
not interfere in the routine of the farms. Instead, 
pigs were again distributed in their respective farms 
according to sex and approximate BW (according 
to the experience of the stock workers). Animal 
density within pens during the growing–fattening 

phase was 13 pigs per pen (80 pens), 10 to 11 pigs 
per pen (40 pens), and 13 pigs per pen (80 pens) for 
DS1, DS2, and DS3, respectively.

To guarantee free access to feed and water for 
the animals, all pens were equipped with a nip-
ple-drinker and a commercial hopper-feeder with 
an additional nipple-drinker inside (DS1 and DS3) 
or a nipple and a concrete hopper with two feeder 
spaces (DS2).

Regarding the dimensions of each pen, these 
were 5, 3.2, and 4.5 m2 for the nursery and 9, 7.5, 
and 8.5 m2 for the growing–finishing facilities in 
DS1, DS2, and DS3, respectively; in all cases, it was 
above the minimum space per piglet per pig set by 
European legislation based on live weight (Council 
Directive 2008/120/EC of December 2008). All 
growing–finishing facilities were equipped with 
natural ventilation and completely slatted concrete 
floors. Finally, during the nursery and growing–fin-
ishing phases, pigs were handled in an all-in-all-out 
system.

Finally, all diets (Table  2) were offered ad 
libitum, in pelleted (DS1 and DS3, except for the 
creep-feed) and mash (DS2) form and formulated 
to meet or exceed the FEDNA (2013) nutrient 
requirements.

BW Recording and Selection for Slaughter

In all DS, pigs were periodically and individu-
ally weighed throughout the whole production cycle 
until the day before each group of animals was sent 
to slaughter, once they reached their MBW, fixed 
at 103 kg. For the pigs’ BW recording, all animals 
were weighed using a model Baxtran BR30 scale 
until the end of the nursery period; on the other 
hand, from the growing period until slaughter, a 
model Veserkal Utilcell SWIFT scale was used.

In all cases, the selection for slaughter was per-
formed by picking up the animals that had reached 
their slaughter weight (103  kg) the day before 
slaughtering and fasting them overnight. The same 
procedure was conducted twice more until the fin-
ishing barn was emptied. In all three DS, the time 
elapsed between the first and last load to slaughter 
was similar, with 42, 44, and 42 d for DS1, DS2, 
and DS3, respectively. The time from the first load 
to slaughter to the second one was 20, 23, and 25 
d for DS1, DS2, and DS3, respectively. Finally, the 
time from the second load to the third one was 22, 
21, and 17 d for DS1, DS2, and DS3, respectively. 
In the last truck, the number of pigs was lower 
compared with the previous two loads, and some 
of them also did not reach their commercial MBW.
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Calculations and Statistical Analyses

The SAS statistical package (SAS Institute Inc., 
Cary, NC) was used to analyze the data.

Descriptive statistics were calculated for the 
three DS using the MEANS procedure. All piglets 
from the three DS were included in the analysis.

In the present study, pigs remaining in the farm 
after two loads to the slaughterhouse were defined 
as delayed pigs or last group sent to slaughterhouse 
(LGS). Epidemiological studies are commonly used 
in veterinary sciences to know the risk factors asso-
ciated with the prevalence of a disease (Ruiz-Fons 
et al., 2008).

The same approach is applied in the present 
study in order to identify the risk factors associated 
with the occurrence of LGS within a population 
of pigs.

Pigs that did not survive until the finishing 
period were excluded from the analysis because the 
interest was to analyze the potential risk factors 
associated with a slow growth rate throughout the 
productive cycle.

The percentage of pigs defined as LGS was 
10%, 21%, and 20% for DS1, DS2, and DS3, 
respectively. Variables such as length of gestation, 
length of lactation, parity, litter size, sex, birth BW 
(BBW), and ADG (0–7, 7–14, 0–28, 21–42, 28–42, 
21–64, and 65–83 d) for the three DS were consid-
ered. Afterwards, a multiple logistic regression was 
performed to identify and rank all variables that 
were significant (P  <  0.05) in the three DS stud-
ied by using the LOGISTIC procedure (Table  3). 
Multicollinearity was checked in all explanatory 
variables included in the final model for each DS. 

All variables finally included were transformed into 
binary factors using the 25th percentile as the cut-
off  point. In the analysis of the association between 
a binary factor, F, and a binary response, C, several 
indicators can be used. Thus, the risk ratio (RR), 
odds ratio (OR), and PAR were calculated since 
they are the most common.

The association between a binary risk factor, F, 
and a binary response, C, can be measured from the 
counts given in a contingence table:

Table 3. Summary of the principal risk indicators 
(and the corresponding thresholds) calculated for 
the three data sets studied

Item RR OR PAR (%) Global PAR (%)

Data set 1

  BW21 (<4.9 kg) 6.65 8.72 5.70 9.22

  ADG21–61 d (<280 g/d) 6.93 9.42 5.38

  ADG61–81 d (<604 g/d) 13.77 19.74 7.36

Data set 2

  Birth BW (<1.3 kg) 2.18 2.95 3.35 15.55

  Lactation length (<23 d) 1.46 1.65 1.93

  ADG0–28 d (<190 g/d) 2.20 2.95 4.46

  ADG28–63 d (<271 g/d) 4.60 8.73 10.32

  ADG63–85 d (<505 g/d) 4.81 9.31 10.62

Data set 3

  Birth BW (<1.2 kg) 2.01 2.49 3.71 14.9

  Lactation length (<19 d) 1.53 1.73 1.44

  ADG7–14 d (<140 g/d) 2.74 3.79 5.76

  ADG21–64 d (<300 g/d) 4.79 8.66 9.24

  ADG64–83 d (<550 g/d) 5.70 11.21 10.26

Herein are presented the values of the values of risk ratio (RR), 
odds ratio (OR), and population attibutable risk (PAR). Furthermore, 
the global PAR is also presented in the last column, in which the reduc-
tion in the prevalence of LGS in the absence of all of the risk factors is 
expressed. BW21 refers to BW at weaning.

Table 2. Summary of the diets (as dry matter) offered to the animals along the productive cycle for the three 
data sets. 

Nursery Growing–Fattening

Data sets 1 and 3 Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6 Diet 7

  Days 10 10 20 7 7 40 40 onward

  NE, MJ/kg 10.8 10.6 10.6 10.4 10.0 10.2 10.2

  CP, % 22.0 19.5 18.5 17.0 16.0 15.5 14.0

  d-Lys, % 1.39 1.27 1.15 1.08 1.05 0.95 0.89

Nursery Growing–Fattening

Data set 2 Diet 1* Diet 2 Diet 3 Diet 4 — Diet 5 —

  Days 2–3 8 27 64 — 64 onwards —

  NE, MJ/kg 11.0 10.7 10.4 9.9 — 10.0 —

  CP, % 20.2 19.1 18.0 16.0 — 16.0 —

  d-Lys, % 1.37 1.32 1.20 0.99 — 0.95 —

These diets only refer to the piglets per pigs.

*In data set 2, creep-feed (Diet 1) was offered simultaneously to Diet 1 and for a few days; on the other hand, in data sets 2 and 3, it was offered 
as a single diet for 10 d.
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With these notations, the rates are as follows:
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Values of RR >1 mean that the risk in the exposed 
group is greater than that in the unexposed group.
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The odds = P/(1 − P) is the rate between a proba-
bility P and its complementary 1 − P, which means 
the opportunities of the event to be a LGS over the 
opportunities of its contrary. So, the odds ratio is 
the quotient of odds in the exposed group, with 
respect to the odds in the unexposed group. A value 
of OR >1 means that the odds in the exposed group 
are higher than the odds in the unexposed group. 
These terms are closely related to logistic regres-
sion, which precisely models the logarithm of OR 
as a linear function of the factors.

Population attributable risk:
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PAR is the reduction in incidence that would be 
observed if  the population was entirely unexposed. 
The computation of PAR depends on the kind of 
study. In our cohort, retrospective observational 
design, incidence and prevalence coincide, and PAR 
can be estimated as in equation 3, that is, the dif-
ference between the prevalence in total population 
minus the prevalence in the unexposed subjects. 
Therefore, PAR informs concerning how much the 
prevalence will decrease (in %) if  the population is 
entirely unexposed to that risk factor. Thus, when 
considering factors that are sequential in time (F1, 
F2, F3, …, Fj), the PAR differential can be computed, 
which is the PAR due to factor Fj in the population 
unexposed to all of the previous risks. To compute 

this differential PAR, sequentially, the population 
exposed to the previous risks is omitted, and then, 
the new PAR is calculated.

Furthermore, BW data for each pig regis-
tered throughout the entire experimental period 
were adjusted to the following double exponential 
Gompertz function, described in previous studies, 
such as in Winsor (1932), Fialho (1999), Schinkel 
et al. (2003), and Casas et al. (2010), by using the 
NLIN procedure:

	 ,
( )

BW = × − − ×( )
A e e b c t
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where A, b, and c are the parameters (constants) of 
the curve, and t is the time (measured in d). Only 
curves that met their convergence criteria were 
considered; otherwise, those curves were discarded 
for the study. The predicted time to reach a MBW 
of 103  kg (T103) was calculated using the above 
formula.

Finally, the Spearman’s rank correlation coef-
ficient (rho, ρ) was also used to estimate the corre-
lations between the BW categories of the piglets at 
different stages of production and the expected T103 
using the CORR procedure.

In all statistical analyses, significant differ-
ences were declared at P ≤ 0.05, whereas 0.05 < P 
≤ 0.10 differences were considered near-significant 
trends.

RESULTS

In this section, the main results for the three DS 
are presented, starting with the descriptive statis-
tics of variability across all phases of production 
(Table 4) and the farrowing performance for DS2 
and DS3 (Table 5).

Next, the principal risk factors related to 
slow growth are presented for all DS (Table  3). 
Additionally, the results regarding the time to reach 
MBW for each pig category (based on live weight) 
are summarized in Figure 1.

Concerning the productive parameters and 
mortality, the results obtained remained within the 
normal ranges observed in standard production 
values in the Spanish (and by extension European) 
pig industry. Mortality was around 5.55%, 6.33%, 
and 3.50% for the nursery period and 2.0%, 1.5%, 
and 1.0% for the growing–finishing phase in DS1, 
DS2, and DS3, respectively.

Also, in this section, the results are presented 
for all three DS combined or only focused on one 
particular DS when necessary.

LGS (C = 1) No LGS(C = 0)

Exposed (F = 1) a = n11 b = n10 a + b = n1

Unexposed (F = 0) c = n01 d = n00 c + d = n0
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Table 4. Descriptive statistics for DS1, DS2, and DS3, along the productive cycle

Item n Mean SD CV Minimum Maximum

Data set 1

  BW, kg

    Weaning, 21 d 1,009 5.89 1.58 26.88 1.52 11.02

    21 d post weaning, 42 d 986 10.37 2.30 22.16 2.50 18.54

    End nursery period, 61 d 957 19.36 3.63 18.73 8.68 30.62

    Growing period, 81 d 952 32.91 5.70 17.33 14.50 49.50

    Fattening period, 116 d 949 57.66 8.63 14.97 21.60 78.80

    Finishing, 145 d 935 81.96 10.20 12.45 44.00 109.40

    Slaughter*, 159 d 933 93.68 10.65 11.37 52.00 122.80

  ADG, kg/d

    Nursery, 21–61 d 957 0.33 0.07 21.22 0.14 0.57

    Growing, 61–116 d 945 0.70 0.11 15.13 0.12 1.00

    Finishing, 116–159 d 932 0.84 0.11 13.67 0.26 1.20

    Total, 21–159 d 933 0.64 0.07 11.30 0.34 0.83

  Time to 103 kg, d

    T
103

† 928 173.56 16.44 9.47 139.85 275.65

Data set 2

  BW, kg

    Birth 460 1.60 0.33 20.68 0.60 2.60

    Weaning, 28 d 394 7.21 1.75 24.26 3.10 11.90

    14 d post weaning, 42 d 381 9.37 2.29 24.43 3.40 14.70

    End nursery period, 63 d 369 18.67 4.40 23.56 6.70 27.90

    Growing period, 85 d 367 31.50 7.11 22.55 11.00 46.00

    Growing, 106 d 372 48.04 8.90 18.53 19.50 65.10

    Fattening, 127 d 371 65.46 10.32 15.77 30.00 88.50

    Finishing period, 148 d 369 83.91 11.52 13.73 43.50 111.50

    Slaughter‡, 170 d 364 99.39 12.50 12.58 50.50 133.00

  ADG, kg/d

    Lactation, 0-Weaning 379 0.20 0.06 28.86 0.05 0.36

    Nursery, 28–63 d 369 0.32 0.10 30.23 −0.02 0.52

    Growing, 63–127 d 358 0.73 0.11 15.40 0.32 0.99

    Finishing, 127–170 d 364 0.79 0.13 16.68 −0.07 1.12

    Total, 0–170 d 343 0.58 0.07 12.62 0.29 0.77

  Time to 103 kg, d

    T103
† 349 175.09 17.68 10.10 141.26 272.51

Data set 3

  BW, kg

    Birth 1,304 1.41 0.36 25.92 0.44 2.62

    Weaning, 21 d 1,102 5.52 1.67 30.30 1.48 11.56

    21 d post weaning, 42 d 1,029 9.98 2.74 27.43 1.10 18.50

    End nursery period, 64 d 1,049 20.58 4.51 21.89 4.00 34.30

    Growing period, 83 d 1,063 32.27 6.25 19.36 13.80 52.50

    Growing period, 104 d 1,059 47.90 8.10 16.82 23.60 71.30

    Fattening, 125 d 1,058 66.10 9.97 15.10 20.80 96.80

    Finishing period, 146 d 1,056 83.10 11.07 13.33 43.40 117.0

    Slaughter‡, 163 d 1,053 95.14 12.10 12.70 50.60 130.90

  ADG, kg/d

    Lactation, 0-Weaning 1,099 0.19 0.07 38.43 0.01 0.45

    Nursery, 21–64 d 1,040 0.35 0.08 24.10 0.02 0.67

    Growing, 64–125 d 1,042 0.74 0.11 14.88 0.13 1.11

    Finishing, 125–163 d 1,053 0.76 0.13 17.13 0.08 1.54

    Total, 0–163 d 1,026 0.57 0.07 12.83 0.31 0.79

  Time to 103 kg, d

    T103
† 1,024 174.40 19.44 11.14 132.83 296.13

The variables considered are especially the BW, ADG, and T103 (time to reach MBW). The information includes the mean, SD, CV, and the minimum and maximum 
values for each variable.

*Corresponds to the last measurements with all pigs present in the finishing barn but 10 more days elapsed/passed, approximately, until pigs were sent to slaughter.
†The time to reach  market body weight (MBW) was estimated (not measured) from the Gompertz model.
‡Corresponds to the last measurement just before the first group of animals was sent to slaughter the next day.
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Descriptive Statistics of Variability and Farrowing 
Performance

Regarding BW, in all three DS, it is observed 
that the mean and SD increased with age until 
pigs were slaughtered (Table  4). However, CV 
presented the highest value at early stages of 

production (26.9% at weaning for DS1, 24.5% at 
14-d post weaning for DS2, and 30.30% at weaning 
for DS3) and then gradually decreased to 11.4%, 
12.6%, and 12.7% at days 159, 170, and 163 in 
DS1, DS2, and DS3, respectively (when the first 
group of  animals was sent to slaughter). Despite 
the fact that in DS2 and DS3, the CV increased to 
24.4% at 14-d post weaning and 30.3% at wean-
ing, respectively, the highest portion of  variabil-
ity came directly from birth (as can be observed 
in DS2 and DS3, with a CV of  around 21% and 
26%, respectively) and then tends to decrease 
from weaning or 14-d post weaning until the end 
of  the cycle.

In terms of ADG, the pattern observed is quite 
similar to what occurred with BW; excluding the 
whole-period values (from weaning in DS1 or birth 
until slaughter in DS2 and DS3), the mean and SD 
increased throughout the cycle. The highest CV 
was generally observed during the nursery period 
(21.2%, 30.2%, and 24.1%) and then decreased until 
the finishing phase in DS1, DS2, and DS3, respec-
tively (but it was also high during lactation, with 
values ranging from 28.9% to 38.4% in DS2 and 
DS3). Furthermore, considering the time to reach 
the MBW (T103), the results were also very similar 
for the three DS studied.

Some of the information in Table 4, regarding 
the trends for BW in terms of SD and CV over 

Table  5. Farrowing performance for data sets 2 
and 3

Number of sows Mean SD Min Max

Data set 1*

— — — — —

Data set 2

  Parity 37 4.3 1.68 1.00 7.00

  TB 37 14.70 2.43 9.00 20.00

  LB 37 13.58 2.19 9.00 19.00

  SB 37 1.12 1.20 0.00 5.00

  MM† 37 — — — —

Data set 3

  Parity 110 3.77 2.50 1.00 10.00

  TB 110 14.90 3.91 6.00 24.00

  LB 110 12.62 3.76 2.00 21.00

  SB 110 2.08 2.07 0.00 9.00

  MM 110 0.20 0.62 0.00 4.00

The information includes the mean, SD, CV, and the minimum and 
maximum values for each variable.

LB = live born; MM = mummified; SB = stillborn; TB = total born.

*Not available.
†Not available.

Figure 1. Distribution of each 10% of pigs, sorted from heaviest (1) to lightest (2) in data set (DS)1, DS2, and DS3 at birth, weaning, end of 
nursery, and growing period. The horizontal line relates to the average number of days to reach MBW (t103, 174.6 d). Birth refers to 0 d of age; 
weaning refers to 21 d of age (DS1 and DS3) or 28 d of age (DS2); end nursery refers to around 64 d of age; growing refers to around 83 d of age; 
and finishing refers to 125 d of age (116 d for DS1). DS1, data set 1; DS2, data set 2; DS3, data set 3; BBW, birth BW; WBW, weaning BW; NBW, 
body weight at the end of nursery period; GBW, growing BW.
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time, is graphically summarized in Figure 2 for all 
DS studied. It is observed that the trends in the 
three populations follow a similar pattern, that is, 
the increase of SD and the decrease of CV accord-
ing to the age of pigs.

Finally, regarding farrowing performance 
(Table 5), the results were similar in DS2 and DS3 
(no data were available for DS1). However, the num-
ber of total born was a little higher in DS3, show-
ing a lower birth weight on average (Table 4). The 
number of stillborn piglets was also numerically 
higher in DS3, when compared with DS2, with one 
sow presenting nine stillborn piglets.

Risk Factors

None of the variables finally included in the 
logistic models presented collinearity (VIF < 5). 
Each risk factor has a threshold below which the 
population of pigs is exposed to that particular risk 
(see MATERIALS AND METHODS), leading to 
an increase in the probability of being in the LGS 
(Table 3). In the case of DS1, the lactation period 
was not considered since data were not available. 
Thus, information only refers to weaning onwards; 
also, sow variables were not considered. Regarding 
the other two DS (DS2 and DS3), more data were 
available and risk factors related to the sows and 
their offspring were studied, comprising informa-
tion from birth onwards.

First of all, similar trends can be observed in 
the three populations of pigs. In all cases, RR and 

OR tended to increase over time by adding fac-
tors related to the different phases of production. 
In the cases of DS2 and DS3, results of RR are 
more similar (ranging from RR values of 1.46 or/
and 1.53 up to 4.81 or/and 5.70, respectively). For 
DS1, however, although the trend was similar to the 
other two DS, there was a difference in the magni-
tude of the values (RR values ranging from 6.65 
to 13.77). In the case of OR, the trend was quite 
similar to that observed in RR. Regarding ADG 
during lactation, the periods included were a lit-
tle bit different between DS2 and DS3 (190 g/d for 
ADG from 0 to 28 d in DS2 or 140 g/d for ADG 
from 7 to 14 d in DS3). In the case of BBW, the cut-
off  points were similar for DS2 and DS3 (1.3 and 
1.2 kg, respectively). Moreover, the cut-off  points 
for ADG during the nursery period were similar in 
DS1 and DS2 (280 and 271 g/d) and slightly higher 
in DS3 (300  g/d). Looking at the ADG for the 
growing period, the cut-off  points were established 
at 604, 505, and 550 g/d for DS1, DS2, and DS3, 
respectively. In the case of DS1, the BW at weaning 
was entered in the analysis, with a cut-off  point of 
4.9 kg. Finally, for DS2 and DS3, lactation length 
was also considered, with cut-off  points of 23 and 
19 d, respectively.

In the three DS studied, the results for PAR 
also follow the same trend, the risk factors closer 
to slaughter being the major responsible factors in 
the reduction of  the prevalence to that particular 
risk if  it were not present. Then, PAR ranged from 
5.70 to 7.36 in DS1, from 1.93 to 10.62 in DS2, 
and, finally, from 1.44 to 10.26 in DS3. Regarding 
the differential PAR, the results are also pretty 
similar in the three DS studied, and the highest 
reduction is generally observed during lactation 
and nursery (Table 6). The growing–fattening peri-
ods presented the lowest differential PAR. Finally, 
regarding the global PAR (that is, the reduction 
in the prevalence of  LGS in the absence of  all 
the risk factors), it was quite similar for DS2 and 

Figure 2. Evolution of BW along productive cycle but represented in 
terms of SD (above) or CV (below). L, for Lactation; N, Nursery; G–F, 
Growing–finishing. DS1, data set 1; DS2, data set 2; DS3, data set 3.

Table 6. Results for the differential PAR in the three 
data sets studied, which is the PAR due to a factor 
in the population unexposed to all previous risks

Period

Differential PAR (%)

Data set 1 Data set 2 Data set 3

Lactation — 4.3 4.5

Nursery 1.7 5.1 3.7

Growing–fattening 1.5 3.1 2.8

The lactation period comprises from 0 to 21 d (DS3) or/and 28 d 
(DS2); nursery comprises from 21/28 to 63 d; and growing period com-
prises from 64 to 83 d.
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DS3 (15.6% and 14.9%) and slightly lower in DS1 
(9.2%) (Table 3). So, if  all risk factors in each DS 
were eliminated, the percentage of  LGS would be 
1.0% instead of  10% for DS1, 5.5% instead of  21% 
for DS2, and, lastly, 5.1% instead of  20% for DS3, 
respectively.

Time to Sacrifice Regarding BW Category and 
Production Phase

The values of T103 were 173.6  ±  16.44 d, 
175.1 ± 17.68 d, and 174.4 ± 19.44 d for DS1, DS2, 
and DS3, respectively (Table 4).

In Figure 1, four series of two-axis graphs are 
presented in order to illustrate the relationship 
between the BW category in different stages of pro-
duction and the time needed to reach MBW for the 
three DS studied. Regarding the y-axis, the scale on 
the left-hand side corresponds to the time to reach 
103 kg (T103), represented by lines, whereas the scale 
on the right-hand side corresponds to the 10 cate-
gories of BW represented in a bar chart.

When the entire pig population is sorted and 
categorized into 10 groups of an equal number 
of animals (based on their BW) from the heaviest 
(Group 1) to the lightest (Group 10), a clear pattern 
can generally be observed; in terms of time taken 
to reach MBW, pigs in the heavier categories were 
below average (horizontal line); meanwhile, pigs in 
the lighter categories were above the average and 
more time was needed to reach the same point. 
However, this trend was slightly different depend-
ing on the production phase (birth, weaning end of 
nursery, and start of growing period).

Thus, in DS1, DS2, and DS3 (Figure 1), when 
the effect of sorting the animals at weaning or at the 
end of the nursery period, regarding the number of 
days to reach MBW was compared, the results were 
not exactly the same. Better BW at weaning does 
not guarantee that pigs will reach MBW earlier 

than will their littermates. This fact was observed 
in the three DS, but especially in DS2; in contrast, 
the closer to the end of the cycle, the classification 
of pigs was performed (i.e., BW at the end of the 
nursery period or during the growing period), the 
more defined was the pattern observed (it being 
more probable that heavier pigs reach MBW earlier 
than do lighter pigs).

For BW at birth (BBW), it was clearly observed 
that pigs in their first stage of life do not necessarily 
behave as expected, concerning the number of days 
needed to reach MBW, depending on their BW cat-
egory (DS2 and DS3). The increase in this relation, 
then, is stronger from weaning onwards, when the 
time pigs need to reach MBW is more related to the 
BW category they belong to. The Spearman correl-
ation coefficients showed the same trend, increasing 
the correlation between the BW of the animals and 
the time to reach MBW (T103) with age (Table 7). 
Consequently, the correlations ranged from around 
0.30 to 0.85–0.89 (P < 0.0001) from birth to the fin-
ishing period (around day 125) for all DS (no birth 
data available for DS1).

DISCUSSION

An unequal growth rate within a group of pigs 
leads to an increase in BW variability, resulting 
in a decrease of the global efficiency throughout 
the productive cycle. The literature reported some 
factors responsible for this variability, like BBW 
(Quiniou et al., 2002; Fix et al., 2010), suckling posi-
tion during lactation, sex, season of birth, weaning 
BW (Paredes et al. 2012, 2014), environment, nutri-
tion, and genetic potential (Botermans et al., 2000; 
Georgsson and Svendsen, 2002; Quiniou et  al., 
2002). Nevertheless, it is very challenging to study 
and quantify all of the factors involved in BW vari-
ability in one trial because of the several sources of 
variation potentially interacting at the same time. 

Table 7. A summary of Spearman correlations between BW at different periods with the time to reach 
MBW (T103) for the three data sets studied

Item Birth-T103 Weaning-T103 Nursery-T103 Growing-T103 Finishing-T103

Data set 1* — ρ = −0.49 ρ = −0.68 ρ = −0.74 ρ = −0.85

— (P < 0.0001) (P < 0.0001) (P < 0.0001) (P < 0.0001)

Data set 2 ρ = −0.36 ρ = −0.51 ρ = −0.70 ρ = −0.78 ρ = −0.89

(P <.0001) (P < 0.0001) (P < 0.0001) (P < 0.0001) (P < 0.0001)

Data set 3 ρ = −0.31 ρ = −0.46 ρ = −0.71 ρ = −0.77 ρ = −0.89

(P < 0.0001) (P < 0.0001) (P < 0.0001) (P < 0.0001) (P < 0.0001)

Birth refers to 0 d of age; weaning refers to 21 d of age (DS1 and DS3) or 28 d of age (DS2); nursery refers to around 64 d of age; growing refers 
to around 83 d of age; and finishing refers to 125 d of age (116 d for DS1).

*No data available for birth.

ρ = rho or Spearman correlation coefficient.
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Therefore, an epidemiological approach was con-
ducted to highlight numerous risk factors (BBW, 
day of lactation, weaning BW, and ADG) related to 
the occurrence of LGS in commercial conditions.

To observe the evolution of the variability, the 
CV is the statistic preferred, as it is corrected by the 
mean, allowing the comparison of pigs’ variability 
at different moments or phases of production. Thus, 
the variability of pigs tends to decrease with age (in 
line with results obtained by Patience et al. (2004) 
and López-Vergé et  al. (2015)); thus, the major 
portion of variability generally comes from birth, 
although it still increases a little during lactation or 
even 14-d post weaning (Table 4). The decrease of 
variability with age could be a consequence of the 
different management practices implemented in the 
farms, like cross-fostering as one of the most obvi-
ous (Patience et al., 2004), but also others like seg-
regation by BW or gender. Sows are highly prolific 
animals, when compared with other farm animals, 
leading to a wide variation in BBW, and this is more 
exacerbated with the use of modern hyper-prolific 
sow breeds (Foxcroft et al., 2007). In recent years, 
litter size has increased and the piglet’s average 
BBW has decreased (Quiniou et al., 2002; Devillers 
et al., 2007; Wolf et al., 2008). Our results are also 
in line with other recent works (Beaulieu et  al., 
2010; Baxter et al., 2013; Rutherford et al., 2013).

BBW affects future pig performance and sur-
vivability (Neal and Irvin, 1991; Wattanaphansak 
et  al., 2002; Paredes et  al., 2012; Panzardi et  al., 
2013; Douglas et al., 2014). Therefore, when BBW 
is below a critical threshold, it may negatively affect 
the subsequent postweaning growth of pigs. To 
maximize the piglets’ BBW in order to improve 
their growth rate and diminish the time to market-
ing, weight is a major issue. Consequently, BBW 
was included as a risk factor to predict pig growth 
rate to slaughter in the present study.

Variability in postnatal growth may arise 
from management deficiencies, but it can also be 
a result of  pigs born small or growing markedly 
slower (defined as LGS in the present work). To 
slow the growth rate of  heavier pigs to reduce 
variability is not an option, but raising the 
growth rate of  small pigs, exploiting their abil-
ity to compensate (Handel and Stickland, 1988) 
will be a preferred approach. Only farrowing per-
formance for DS2 and DS3 was available. In the 
present work, the farrowing performance infor-
mation for DS2 and DS3 is similar to the aver-
age Spanish numbers, with 14.6, 13.5, and 1.16 
total born, live-born, and stillborn piglets per 
sow, respectively (Bdporc, 2016), confirming the 

representativeness of  our data. It is worth men-
tioning that the BBW only included piglets that 
survived until slaughter; otherwise, they were 
discarded for the study (see MATERIALS AND 
METHODS). The RR results were similar in 
DS2 and DS3, partly because it shared almost 
the same information (RR values ranging from 
1.46 or 1.53 up to 4.81 or 5.70, respectively). The 
25th percentile was defined as the threshold for 
all risk factors finally included. Consequently, 
piglets born below that threshold (1.3 or 1.2 kg 
for DS2 and DS3, respectively) were not only 
light at weaning, but also at slaughter; thus, those 
piglets weighed 1.49 and 1.15 kg less at weaning 
and 8.70 and 8.24  kg less at slaughter, respec-
tively, than did piglets born in the higher percen-
tiles. These findings are in line with the results of 
Panzardi et al. (2013), when it was observed that 
piglets born with ≤1.3 kg weighed 1.2 kg less at 
weaning than did piglets born >1.3  kg. In fact, 
they concluded that 1.3 kg was the critical value 
to ensure a good preweaning and postwean-
ing growth (but they did not follow the pigs to 
slaughter). However, other cut-off  points could 
be explored, like a BBW <2 SD from the aver-
age, resulting in a cut-off  point below 1  kg, as 
proposed by Paredes et  al. (2012). Regarding 
BBW, in the current study, piglets born below 
1.3 or 1.2 kg in DS2 and DS3, respectively, had 
1.46 to 1.53 times more risk to be a LGS. These 
probabilities should increase as the threshold 
decreases. Furthermore, in the case of  DS1, the 
trend was similar, but the magnitude of  the val-
ues differed because information regarding birth 
and lactation was not available. Concerning OR, 
the results were equivalent to those observed with 
RR. In the case of  DS3, piglets were weighed up 
to four times during lactation and only twice for 
DS2, leading to differences in the threshold of  the 
significant variables finally included. Lactation 
length also appeared to be a significant risk fac-
tor affecting the growth rate of  piglets. Therefore, 
previous results from our group (López-Vergé 
et al., 2017) showed that by increasing lactation 
length, the pig’s BW increased linearly at wean-
ing and, more interestingly, also increased previ-
ously to slaughter. Thus, weaning BW is useful 
to predict future performance as well as time to 
MBW (Mahan and Lepine, 1991; Tokach et al., 
1992). In DS1, with no available data for BBW, 
BW at weaning was observed to be a signifi-
cant risk factor in DS1 and was finally included 
in the analysis. Therefore, piglets <4.87  kg had 
almost seven times more risk to be a LGS than 
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did piglets with a higher BW at weaning, mean-
ing that weaning BW is indeed a good predictor 
of  future performance. Nevertheless, other stud-
ies did not find positive effects of  increasing the 
weaning weight in the growth to slaughter (Kim 
et  al., 2001; English and Bilkei, 2004; Morise 
et al., 2011; Douglas et al., 2014).

The parity of the sows was another factor 
analyzed (DS2 and DS3), and the results showed 
a higher probability to produce LGS pigs for gilts 
than for sows. Dam parity appears to be a good 
predictor of piglet survival and growth; moreover, 
the risk of pigs with slower growth in gilt progeny 
is higher relative to sow progeny (Larriestra et al., 
2006). Parity was not considered a risk factor per se 
(concerning gilts) in our results.

Concerning ADG, it is directly related to BW, 
partly driving the ADG of the pigs. Therefore, 
BBW constitutes the first step to ensure a good 
ADG onwards, although it is not the only one. As 
a result, other factors may have an influence modu-
lating ADG, depending on the phase of production. 
During lactation, cross-fostering is a widely used 
technique to deal with large litter sizes and high 
BW variability within litters (Baxter et  al., 2013) 
and increase piglet growth rates (Wattanaphansak 
et al., 2002). Recently, Huting et al. (2017) reported 
that cross-fostering improves the performance of 
light piglets when they are fostered uniformly, and 
this weight advantage was maintained to slaugh-
ter. Several practices are known to decrease ADG 
in this period, such as tooth clipping (Brown et al., 
1996) or castration in the first 3 d after birth (Kielly 
et al., 1999). In the present study, however, none of 
the piglets were castrated because the MBW (fixed 
at 103  kg) made it unnecessary. Moreover, creep-
feed stimulates intake and postweaning growth in 
piglets that eat it during lactation, as Bruininx et al. 
(2002), Carstensen et al. (2005), Sulabo et al. (2010), 
and Blavi et  al. (2015) pointed out. Nevertheless, 
there are studies that argue that creep-feed has no 
effect (Morrison et  al., 2008). The current wean-
ing management routines are also important; as an 
example, in DS2 and DS3, pigs were managed in 
three- and four-batch management systems, lead-
ing to a huge variation in piglet age at weaning 
and, consequently, in BW and their adaptive status 
of their gut to the diets offered in the nursery. In 
weekly management systems, the variation in age 
and BW is lower (Table 4, DS1). After weaning, the 
first week is crucial in order to achieve an adequate 
subsequent ADG (Tokach et al., 1992).

Beyond lactation, aspects related to space allow-
ance (Flohr et al., 2016) as well as dominance status 

(social hierarchy) and access to the feed will be more 
important factors taking place, affecting the ADG 
of pigs, among other variables. Again, the BW itself  
will continue to drive the ADG of most of the pigs 
so that heavier animals will present a higher ADG. 
Feed intake was not measured in the current study 
so that we can only assume a higher intake for heav-
ier animals leading to greater growth (van Milgen, 
2008). All pigs exposed to the previous risk factors 
(Table 3) could be considered a population at risk; 
PAR informs how much the prevalence will decrease 
(in %) if the population was entirely unexposed to 
a particular risk factor. Thus, the higher the risk 
(expressed as RR or OR), the higher the decrease 
in the prevalence for that risk. In the end, the dif-
ferential PAR also followed the same trend for the 
three DS studied, despite the fact that DS1 had 
no data available regarding birth. The PAR results 
pointed out that the most critical periods, in relation 
to retardation of growth rate in swine, are lactation 
and nursery. Our results showed that animals with a 
higher BW invest fewer days to reach MBW, in agree-
ment with previous works (Powell and Aberle, 1980; 
Quiniou et al., 2002; Le Dividich et al., 2003; Smith 
et  al., 2007; Rehfeldt et  al., 2008; Douglas et  al., 
2014). Nevertheless, this evidence varies, depend-
ing on the phase of production. Hence, a trend 
can be observed in terms of the number of days it 
takes to reach MBW. When pigs are categorized into 
groups of 10%, from the heaviest to the lightest, it is 
observed that pigs with a higher BW generally take 
fewer days to reach MBW than do pigs with a lower 
BW (Figure  1). However, considering the different 
phases in the swine cycle, the closer to the end of the 
cycle the classification of pigs is made (i.e., BW at 
the end of the nursery period), the more defined the 
pattern is, as is shown in Figure 1 and the Spearman 
correlation coefficients in Table  6. In fact, for the 
three DS, the two charts at the bottom of Figure 1 
have very similar shapes, but it is clearly different 
from the two upper graphs (weaning and birth). It 
follows that, for instance, the probability of a pig-
let to recover or to change BW category is higher at 
birth than at the end of the nursery period. It is also 
worth to mention that the three DS reached similar 
conclusions. The simplest interpretation would be 
to try to maximize BW throughout the productive 
cycle, considering that beyond weaning, the move-
ment between BW categories is less common. As the 
correlation between BW and time to MBW increases 
along the cycle, early strategies to maximize pigs’ 
BW in the previous phases of production should be 
worth improving the BW in subsequent stages and, 
lastly, decreasing the time to MBW.
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In summary, results indicate that the largest 
portion of BW variability in the swine industry 
comes directly from birth, and it slightly increases 
through lactation and the first day post weaning; 
from this point until slaughter, variability tends to 
decrease. The risk analysis results suggest that BBW, 
lactation length, weaning BW, and ADG are impor-
tant factors to take into account in order to decrease 
the probability of obtaining LGS pigs. It was also 
observed that from weaning onwards, the piglets’ 
category is maintained (due to a stronger correlation 
between BW at weaning and subsequent phases of 
production), making it difficult for lighter piglets to 
catch up with their weightier counterparts. Finally, 
the present study presents some insights suggesting 
that the most critical periods in relation to retarda-
tion of growth rate are lactation and nursery.

This manuscript has been proofread by Mr 
Chuck Simmons, a native, English-speaking uni-
versity professor of English.
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