
Chapter 5

Effects of Social Stress on Heart Rate and Heart Rate Variability
in Growing Pigs

Ingrid C. de Jong12 , Andrea Sgoifo2, Elbert Lambooij1, S. Mechiel Korte1, Harry J.
Blokhuis1 and Jaap M. Koolhaas2

1Institute for Animal Science and Health (ID-Lelystad), PO Box 65, 8200 AB
Lelystad, The Netherlands
2Department of Animal Physiology, University of Groningen, PO Box 14, 9750 AA
Haren, The Netherlands

Canadian Journal of Animal Science 80: 273-280; 2000.



90

ABSTRACT

The effects of social stress on heart rate, heart rate variability and the
occurrence of cardiac arrhythmias were studied in 12 growing pigs. Social stress was
induced during a food competition test with a pen mate, and subsequently during a
resident-intruder test with an unacquainted pig in which the experimental pig was the
intruder. The outcome of a test was determined using observations of agonistic
behaviour. Five pigs won the food competition test. All pigs were defeated in the
resident-intruder test with an unacquainted pig. For all pigs, heart rate was
significantly higher and thus the RR interval significantly lower during the food
competition test and resident-intruder test than during baseline recordings. However,
pigs that were first defeated in the food competition test had a higher heart rate during
the first 7 min of the resident-intruder test than winners of the food competition test.
Parameters of heart rate variability did not significantly change during the food
competition test and the resident-intruder test as compared to baseline recordings.
Thus, the parasympathetic and the sympathetic nervous system remained in balance
during the social stress situations. This may explain why the occurrence of cardiac
arrhythmias did not increase during the food competition test and the resident-intruder
test as compared to baseline. We showed that social status, based on agonistic
encounters during the food competition test, may influence the heart rate responses of
pigs during the resident-intruder test. When heart rate is used as an index of stress,
results indicate that subordinate pigs may experience more stress during an agonistic
encounter with an unacquainted pig than dominant pigs.
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INTRODUCTION

There is a lot of evidence that social stress, a common phenomenon in pig
husbandry, is detrimental to production, health and welfare (Ekkel et al., 1995). For
example, a decreased growth and an increased occurrence of health problems and
injuries have been reported after mixing of unacquainted pigs (Ekkel et al., 1995;
Friend et al., 1983; Graves et al., 1978). Aggression, and thus social stress, notably
occurs when unacquainted pigs are mixed or around the time of feeding when group-
housed pigs are restricted fed (Ekkel et al., 1995; Graves et al., 1978).

Agonistic encounters cause a significantly increased heart rate in pigs
(Marchant et al., 1995; Otten et al., 1997). It has been shown that pigs that are
defeated in an agonistic encounter have a higher baseline heart rate and a higher heart
rate during the encounter than pigs that won (De Vries et al., 1998). In rats, it has
been shown that during a social defeat, the heart rate increases due to shift in the
autonomic balance towards a higher sympathetic activity, and that ventricular
arrhythmias occur frequently (Sgoifo et al., 1994, 1997). In pigs, it was shown that
when using electrophysiological stimulation of ventricular tachycardias, social stress
facilitates arrhythmogenesis (Kirby et al., 1991). However, it is unknown whether
acute social stress induces ventricular arrhythmias during normal husbandry practice.
Ventricular arrhythmias are risk markers for sudden cardiac death, and an increased
occurrence of arrhythmias is related to high sympathetic activity (Kirby et al., 1991;
Sgoifo et al., 1997; Verrier and Lown, 1987). Therefore, heart rate, indices of the
autonomic balance and the incidence of cardiac arrhythmias may be sensitive
indicators of the level of stress and thus measures of pig welfare.

Indirect information on the autonomic neural control of the heart can be gained
by analysis of the heart rate variability. The analysis of beat-to-beat variability using
time-domain parameters has been used in rats (Sgoifo et al., 1997), dogs (Hull et al.,
1990), chickens (Korte et al., 1999), humans (Stein et al., 1994) and pigs (Hansen and
Borell, 1998) to study the balance between the sympathetic and the parasympathetic
branches of the autonomic nervous system.

The present experiment was designed to study the effects of two situations of
social stress on heart rate, heart rate variability and the occurrence of cardiac
arrhythmias in growing pigs. First, pigs were confronted with a pen mate in a food
competition test. Subsequently, pigs were confronted with an unacquainted pig in a
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confrontation test using the resident-intruder paradigm with the experimental pig as
the intruder. We determined the relationships between the outcome of the agonistic
interactions in the food competition test, which gives an indication of the social status
of the pig (Hessing et al., 1994b), and the heart rate and heart rate variability
responses in the food competition test and the resident-intruder test. Heart rate was
measured by radiotelemetry using implantable transmitters, allowing stress free
sampling (De Jong et al., 1998).

MATERIALS AND METHODS

All procedures in this study were approved by the ID-Lelystad Animal Care
and Use Committee (Lelystad, The Netherlands).

Animals and Housing
Twelve crossbred barrows (Great Yorkshire x (Great Yorkshire x Dutch

Landrace)) were used in this experiment. Experimental barrows were randomly
selected from different groups of pigs together with a companion barrow from the
same group at 9 weeks of age (mean weight of all pigs 26.1±1.0 kg).  Selected
barrows were housed in pairs with their companion barrow in pens (7.2 m2) with a
concrete floor covered with straw (1.75x2.4 m) and concrete slats (1.25x2.4 m). All
pens were in one room. Food and water were available ad libitum. Environmental
temperature was kept at 20-21°C; lights were on from 6.00 - 18.00 h. Individual pigs
could be recognised by a plastic ear tag and a number painted on their back.

In the resident-intruder test (see below), 6 additional crossbred barrows
(residents) were used. Residents weighed about 10 kg more than the experimental
barrows. Resident barrows were selected from different groups one week before the
resident-intruder test was carried out and housed individually in pens of equal size in
the same room as the experimental barrows.

Surgery
Biotelemetric transmitters (type TA10CTA-D70, Data Sciences, St. Paul, MN,

USA) were implanted under complete anaesthesia in the experimental pigs at 9 weeks
of age, as described elsewhere (De Jong et al., 1998). Briefly, pigs were food deprived
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for 12 h; they were sedated with azaperone i.m. (1 cc/2kg, Stresnil? , Janssen
Pharmaceutica, Tilburg, The Netherlands) and subsequently anaesthetised with
metomidate hydrochloride i.v. (2.5 cc/5 kg, Hypnodil? , Janssen Pharmaceutica). The
transmitter body was implanted in the peritoneal cavity; electrode leads were positio-
ned caudal and cranial to the thorax as described elsewhere (De Jong et al., 1998).
After complete recovery from anaesthesia, pigs were put back in their home pen. The
experiment started 14 days after surgery.

Telemetry System and Data Acquisition
Heart rate was measured by means of radiotelemetry. Receivers (type

RLA2000, Data Sciences) were connected to a multiplexer (RMX10, Data Sciences)
adapted for simultaneous data acquisition with LabPro analysis software (Version
3.1; Data  Sciences) and CARDIA software (Electronic Department, Biological
Centre, University of Groningen, The Netherlands). The signal was simultaneously
routed from the multiplexer via a matrix (BCM100, Data Sciences) to a personal
computer containing the LabPro analysis software and to a personal computer
containing the CARDIA software package for real-time acquisition of heart rate and
behaviour, and R-R interval analysis (Korte et al., 1999; Sgoifo et al., 1997). The R-R
interval (msec) is the time between two successive R-peaks of the ECG. R-R pulse
intervals are expressed as heart rate (beats per minute (bpm)), displayed on-line and
stored for subsequent analysis. Real-time behaviour was scored using the CARDIA
software (see below).

The LabPro analysis software was used for storage and visual inspection of
ECG waveforms. The number of arrhythmic events was scored during baseline and
test recordings (Carré et al., 1992; Sgoifo et al., 1997).

Heart Rate Variability Parameters
The following heart rate variability indices measured in the time domain were 

calculated using the CARDIA software: (a) mean R-R interval duration (RR, msec);
(b) standard deviation of the mean R-R interval (SDNN, msec) (Sgoifo et al., 1997;
Task Force, 1996; Verrier and Lown 1987) (c) the ratio between the standard
deviation of the mean RR and the mean RR (SD/RR, ‘coefficient of variance’) (Hull
et al., 1990; Sgoifo et al., 1997) and (d) ‘root mean square of successive R-R interval
differences’ (RMSSD, msec) (Sgoifo et al., 1997; Stein et al., 1994; Task Force,
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1996). SDNN and SD/RR estimate the overall heart rate variability and thus the
integrated contribution of the parasympathetic and the sympathetic branches of the
autonomic nervous system to the control of the heart (Sgoifo et al., 1997; Task Force,
1996). The SD/RR is determined in addition to the SDNN to normalise the data for
heart rate, because the SDNN of the RR interval is highly influenced by the prevailing
level of the heart rate (Hull et al., 1990). The RMSSD estimates the short-term
components of the heart rate variability, thus, it equates to the high frequency
component of the power spectrum density analysis. The parasympathetic branch of the
autonomic nervous system is the major input to this high frequency component.
RMSSD therefore estimates the influence of the parasympathetic nervous system on
heart rate variability (Sgoifo et al., 1997; Stein et al. 1994; Task Force, 1996). The
relationship between these heart rate variability parameters and the autonomic input to
the heart has been validated previously (Hull et al., 1990; Sgoifo et al., 1997; Stein et
al. 1994).

Behavioural Observations
The following behavioural elements were real-time scored during the food

competition test and the resident-intruder test (see below) using the CARDIA
software: (1) lying; (2) standing; (3) walking; (4) fighting, i.e. pushing, lifting, biting,
knocking or being pushed, lifted, bitten or knocked; (5) eating, i.e. time spent with the
head in the trough; (6) exploring, i.e. rooting or nosing the pen or substrate; (7) other.

Agonistic behaviour recorded on videotape during the food competition test and
the resident-intruder test (see below) was scored using the ‘Observer’ software
(Noldus, Wageningen, The Netherlands). Duration of and frequency of fights (i.e.
ramming, pushing or lifting the opponent with or without biting in rapid succession)
were scored. The criterium used to determine the end of a fight was withdrawal of one
of the pigs, accompanied by disappearance of agonistic behaviour. In addition, the
frequency of the following behavioural elements was scored: (1) headknock; (2) bite;
(3) push; (4) lift; (5) nose; (6) being headknocked; (7) being bitten; (8) being pushed;
(9) being lifted; (10) being nosed. The outcome of the agonistic interactions was
determined using a procedure calculating the social rank index (Lee and Craig, 1982;
Otten et al., 1997). The outcome of the test was determined using the outcome of the
agonistic interactions during testing; if the number of losses was larger than the
number of victories the pig was considered to be defeated in the test. In case of the
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reversed situation, the pig was considered to be the winner of the test.

Social Stress Tests
For both tests, a standard duration of 15 min was chosen. For a reliable

analysis of the occurrence of cardiac arrhythmias, a duration of at least 15 min for a
stress test is preferred (Sgoifo, personal communication).

Food Competition Test
At 11 weeks of age, pigs were subjected to a food competition test with their

pen mate as described by Hessing et al. (1994b). The food competition tests were
carried out between 10.00 and 13.00 h. Pigs were food deprived for 24 hours. After
15 min baseline ECG recording pigs were presented a small amount of food in a small
trough in their own pen. Only one animal could eat at the same time. After 7.5 min
another  small amount of food was presented; total test duration was 15 min. The
ECG was sampled and behaviour of the experimental barrows was real-time scored
using the CARDIA software. In addition, behaviour was videotaped for detailed
analysis of agonistic interactions and determination of the outcome of the test, as
described above.

Resident-Intruder Test
One week after the food competition test, experimental barrows were

confronted with an unfamiliar barrow for 15 min using the resident-intruder paradigm.
The resident-intruder tests were carried out between 10.00 - 13.00 h. For
standardisation of the resident-intruder test, experimental animals were confronted
with a barrow weighing about 10 kg more. After 15 min baseline ECG recordings, the
experimental barrow (intruder) was taken out of the pen and led to the pen of the
confrontation barrow (resident). Resident barrows were used in two confrontations
with different pigs on two consecutive days. ECG waveforms were sampled and the
confrontation was videotaped for detailed analysis of the agonistic interactions, as
described above. In addition, behavioural elements were real-time scored using the
CARDIA software.
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Data Reduction and Statistical Analysis
Mean values of heart rate and heart rate variability were determined after

manual removal of RR intervals surrounding arrhythmias and artefacts. For technical
reasons, heart rate data were obtained from 10 pigs in both tests.

All data were checked for normal distribution and homogeneity of variances.
Overall means of the heart rate parameters during the food competition test and
resident-intruder test were compared with the baseline values for both winners and
losers of the food competition test by using a paired t-test. The effect of the outcome
of the food competition test on heart rate and heart rate variability during the food
competition test and resident intruder test was determined with one-way analysis of
variance with outcome as a factor. Correlations between heart rate, heart rate
variability and behaviour were determined using the Spearman Rank Correlation test.
All calculations were performed with the statistical programming language Genstat 5
(1993).

RESULTS

Food Competition Test
Agonistic behaviour during the food competition test was generally observed

during several short periods of attacks, occurring during the whole test. Mean
frequency of agonistic interactions was 19±2 for all pigs. Mean duration of agonistic
interactions was 8.9±1.3% for all pigs, mean latency until the first agonistic
interaction was 154.7±37.0 sec for all pigs.

 Frequency of agonistic behaviour and heart rate response of one representative
pig is shown in Figure 1a. The outcome of the tests was always clear, i.e. the
difference between the number of victories and the number of losses was always large.
Five experimental pigs won more attacks than their pen mate, thus, they won the food
competition test. For all pigs, heart rate was significantly higher and thus the RR
interval significantly lower during testing than during baseline recordings (p<0.01;
Table 1). Heart rate variability parameters did not differ significantly between
baseline and test recordings. Pigs that were defeated did not differ significantly from
winners of the test in heart rate and heart rate variability during baseline and test
recordings.
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No correlations between behaviour (time spent fighting, frequency of types of
aggressive behaviour) and heart rate or heart rate variability parameters were found.

Table 1. Differences in heart rate and heart rate variability indices (mean ± sem) between the
baseline recordings and the food competition test for winners (n=5) and defeated pigs (n=7)

Heart Rate
(bpm)

RR (msec) SDNN
(msec)

SD/RR RMSSD
(msec)

Baseline winners 118.2±3.9a 512.1±16a 34.3±4.7 0.07±0.01 17.4±5.0

defeated 130.5±8.6a 477.3±31.1a 50.4±10.5 0.10±0.02 33.0±7.3

Test winners 165.8±7.4b 366.7±16.2b 29.6±4.8 0.08±0.01 16.6±3.3

defeated 176.5±8.6b 348.3±15.8b 34.8±4.0 0.10±0.02 20.5±6.0

a,b p<0.01 food competition test vs. baseline values for winners and defeated pigs
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Figure 1. Heart rate registration (upper panel) and periods of agonistic behaviour (lower
panel; black bars represent agonistic behaviour) of one typical pig during (A) the food
competition test and (B) the resident-intruder test.
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Resident-Intruder Test
All experimental pigs were defeated in the confrontation with an unacquainted,

heavier congener. Frequency of agonistic behaviour and heart rate response of one
representative pig is shown in Figure 1b. Mean frequency of agonistic interactions
was 13±3 for all pigs. Mean duration of agonistic interactions was 23.7±4.8% for all
pigs, latency until the first agonistic interaction was 112.6±27.0 sec for all pigs.
Fighting was generally observed during the first minutes of testing, whereas during the
last minutes of the test most pigs were lying down. All pigs fought during the first 5
min of testing, 7 pigs fought during the second 5 min of testing, and only 4 pigs spent
some time fighting during the third 5 min of testing. For all pigs, heart rate was
significantly higher (p<0.001) and thus the RR interval significantly lower (p<0.001)
during the resident-intruder test than during baseline recording (Table 2). Heart rate
variability parameters did not differ significantly between the test average and
baseline recordings for all pigs (Table 2).

Individual pigs tended to differ in their heart rate response to the resident-
intruder test. When pigs were divided in two groups according to the outcome of the
food competition test, we found that pigs that were defeated in the food competition
test and subsequently were defeated in the resident-intruder test (DD pigs) tended to
have a higher heart rate (p=0.06) and thus a lower RR interval (p=0.06) during the
resident-intruder test than pigs that won the food competition test and subsequently
were defeated in the resident-intruder test (WD pigs). This is due to several recordings
where RR interval was significantly lower (p<0.05) and thus the heart rate
significantly higher (p<0.05) in DD pigs during the first 7 minutes of testing (Figure
2). DD and WD pigs did not differ significantly in heart rate variability during the
resident-intruder test.

Heart rate during testing was positively correlated with the time spent fighting
during testing (r=0.87, p=0.001), but no correlations between heart rate variability
indices and the duration of fighting were found. No significant correlations were found
between frequency of types of aggressive behaviour and heart rate or heart rate
variability.
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Table 2. Differences in heart rate and heart rate variability indices (mean ± sem) between the
baseline recordings and the resident-intruder test for pigs that won (n=5) or were defeated
(n=7) in the food competition test

Heart Rate
(bpm)

RR (msec) SDNN
(msec)

SD/RR RMSSD
(msec)

Base-
line

winners 147.4±11.0a 413.3±37.0a 26.0±1.8 0.06±0.00 14.5±1.0

defeated 163.1±3.8a 370.6±8.3a 24.9±2.5 0.07±0.01 18.3±3.5

Test winners 204.8±7.4b, c 329.3±38.6b, c 37.5±5.9 0.12±0.02 13.9±2.6

defeated 242.4±14.6b, d 256.7±39.8b, d 24.4±2.7 0.09±0.01 11.6±2.2

a,b p<0.001 baseline vs. resident-intruder test for pigs that won and pigs that were defeated in
the food competition test
c,d p=0.06,  pigs that won (WD pigs) vs. pigs that were defeated (DD pigs) in the food
competition test
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Figure 2. Min-by-min time course of the mean RR-interval during the resident-intruder test for
pigs that first were defeated in the food competition test (DD pigs) or pigs that first won the
food competition test (WD pigs). #p<0.10; *p<0.05; ****p<0.0001.

Correlations between Variables measured during the Food Competition and
Resident-Intruder Test

Heart rate during the food competition test was positively correlated with the
heart rate during the resident-intruder test (r=0.67; p<0.05). No other correlation
coefficients between variables from the food competition test and resident-intruder
test were significant.

Occurrence of Cardiac Arrhythmias
The occurrence of cardiac arrhythmias did not increase during the food

competition test and the resident-intruder test. Hardly any arrhythmias were observed
during the baseline and test recordings. During baseline recordings, 3 pigs had a single
ventricular premature beat, and 1 pig had 2 ventricular couplets. Two pigs had a
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single ventricular premature beat during the resident-intruder test. Figure 3 shows an
example of a normal sinus rhythm, a ventricular premature beat and a ventricular
couplet.

Figure 3. Examples from ECG tracings. A: sinus rhythm (during baseline recording) ; B:
ventricular premature beat (during resident-intruder test); C: ventricular couplet (during
baseline recording).
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DISCUSSION

In the present experiment we investigated the effect of social stress in a food
competition test with a pen mate and a resident-intruder test with an unacquainted pig,
on heart rate, heart rate variability and occurrence of cardiac arrhythmias in growing
pigs. In addition, we studied whether defeated pigs or winners in the food competition
test differed in their heart rate responses to the food competition test and resident-
intruder test.

The present experiment showed that pigs that were defeated in the food
competition test and subsequently were defeated in the resident-intruder test (DD
pigs) had a significantly higher heart rate during the first minutes of the resident-
intruder test than pigs that won the food competition test and subsequently were
defeated in the resident-intruder test (WD pigs). Agonistic encounters during the
resident-intruder test generally occurred during the first minutes, whereas during the
second half of the test pigs spent most of the time lying. Thus, DD pigs had a higher
heart rate than WD pigs especially during the agonistic encounters, whereas heart
rates did not differ during the period of recovery from fighting.

In group-housed pigs, agonistic encounters play a role in determining and
establishing the social hierarchy. Although we should be careful to determine the
social status of a pig based on a single food competition test, Hessing et al. (1994b)
showed that social status and outcome of a food competition test are well correlated.
Thus, the pigs that were defeated in the food competition test were likely to be
subordinate to their congener. Therefore, we suggest that the social status influences
heart rate responses of the pigs to the resident-intruder test, rather than the experience
of being defeated in the food competition test. When heart rate is used as an index of
stress (Baldock and Sibly, 1990), the results of the present experiment indicate that
subordinate pigs may experience more stress during the resident-intruder test than
dominant pigs.

Our results support the suggestion of  De Vries et al. (1998) that dominant and
subordinate pigs may differ in their heart rate response to agonistic encounters. De
Vries et al. (1998) showed that pigs that are defeated in an agonistic encounter with an
acquainted pig had a higher baseline heart rate and a higher heart rate during the
agonistic encounter than pigs that won the encounter. We indeed found differences in
heart rate responses to the resident-intruder test between winners and losers of the
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food competition test. However, the defeat in the food competition test in the present
experiment did not seem to be specifically stressful as heart rate in defeated pigs was
not significantly higher than heart rate in winners of the food competition test. But,
the presentation of food after food deprivation may result in a large increase in heart
rate in the food competition test (Houpt et al., 1983; Marchant et al., 1997), which
may mask the effects of relative succes of agonistic interactions on heart rate in the
test.

We showed that the heart rate variability parameters did not change
significantly during the food competition test and the resident-intruder test as
compared to baseline values, suggesting that the balance between the parasympathetic
and sympathetic activation of the heart did not change during the food competition
test and the resident-intruder test. In addition, we did not find significant differences in
heart rate variability parameters between winners and defeated pigs in the food
competition test, and between WD and DD pigs in the resident-intruder test. This
indicates that WD and DD pigs did not differ in the activation of the autonomic
nervous system during the social stress situations. Future research should include
determination of plasma catecholamine concentrations, to draw stronger conclusions
about the activation of the sympathetic nervous system in defeated pigs as compared
to winners (Sgoifo et al., 1997). 

The results of the present experiment differ from those observed in rats. When
rats were defeated in a social confrontation, heart rate variability indices showed that
the balance between the parasympathetic and sympathetic nervous system shifted to a
sympathetic dominance (Sgoifo et al., 1994, 1997). The different results between the
studies in rats and pigs may have been caused by a difference in age of the animals
studied. In rat studies, adult animals were used (Sgoifo et al., 1994, 1997), but we
used prepubertal pigs. It has been shown in rats (Buwalda et al., 1991, 1992; Nyakas
et al., 1990, 1992) and humans (Jensen-Urstad et al., 1997; Korkushko et al. 1991)
that the parasympathetic reactivity decreases with age. Thus, in the pigs used in the
present experiment there could have been a high parasympathetic antagonism because
the pigs were very young. Possibly in adult pigs the balance between the
parasympathetic and the sympathetic activation of the heart shifts to a sympathetic
dominance during social stress, which should be studied in future research.

During a social defeat in adult rats, an increased occurrence of ventricular
arrhythmias was observed which was related to a high sympathetic activation of the
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heart (Sgoifo et al., 1994, 1997). In the present experiment, ventricular arrhythmias
did not occur frequently during baseline conditions and did not occur more frequently
during the social stress situations. This may not be surprising, because in the present
experiment with prepubertal pigs no marked shift of the autonomic balance to a
sympathetic dominance was observed during the food competition test and the
resident-intruder test either. In fact, heart rate variability data showed that the
sympathetic activation was well balanced by the parasympathetic activity. This is in
agreement with the view that the parasympathetic input to the heart has a protective
role against the occurrence of arrhythmias (Verrier and Lown, 1987).

Individual behavioural responses to the tests may largely differ between pigs
(Hessing et al., 1994a, 1994b). However, no significant correlations between heart
rate, heart rate variability and behavioural responses were found for both tests. Thus,
in this experiment no relations between individual behavioural and physiological
responses were found. However, a positive correlation was found between heart rate
during the food competition test and heart rate during the resident-intruder test. This
suggests that the heart rate response to social stress may be consistent.

In conclusion, heart rate variability data in this experiment showed that the
sympathetic and the parasympathetic nervous system remained in balance during
social stress in growing pigs. Pigs that were defeated in the food competition test had
a higher heart rate during the first minutes of the resident-intruder test with an
unacquainted pig than winners of the food competition test. The results thus support
the view that the effects of social stress may differ between dominant and subordinate
pigs (De Vries et al., 1998). When heart rate is used as an index of stress, the results
suggest that social stress may have more negative consequences for subordinate pigs
than for dominant pigs.
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