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a  b  s  t  r  a  c  t

Fear  of  loud  noises  is a common  welfare  problem  in  pet  dogs.  Commercial  treatment  vests  have  been
tested  on  dogs  to  relieve  noise  phobia,  and  peripheral  oxytocin  has been  suggested  to  be  one  of  the  stress-
relieving  mediators.  The  effect  of  vests  has not,  however,  been  tested  in a controlled  situation.  We  tested
whether  individually  customized  vests,  have  an  effect  on behaviour  of  severely  noise  phobic  dogs  in  a
double-blinded  experiment,  where  dogs  are  exposed  to  loud  noises.  We  also  investigated  the  possible
effect  of  pressure  by  using  two  types  of  vests;  a deep  pressure  vest  (DEEP,  c. 10–12  mmHg)  and  a light
pressure  vest  (LIGHT,  c. 2–3  mmHg).  In addition  to behaviour,  we studied  if the  pressure  vest  has  an  effect
on urine  oxytocin  level  and  on saliva  cortisol  levels.

A  total  of  28 dogs  (2–11  years),  both  female  (18)  and  male  (10),  were  recruited  via an  ongoing  study  on
the  genetic  background  of  noise  sensitivity  by  the Finnish  Canine  Genetic  Research  Group.  Each  dog  was
tested  three  times  either  without  vest  (CONTROL)  or with  DEEP  or LIGHT  vests  in  a  semi-randomized
order.  The  dogsı́  behaviour  was  video  recorded  for  6  min,  including  three  2  min  intervals:  pre-noise,
noise  (70–73  dB  firework  sound)  and  recovery.  Behavioural  parameters  included  activity,  body  and  tail
postures,  vocalization,  and  time  spent  near  owner.  Saliva  samples  were  collected  twice  before  and  twice
after  the  noise  test.  Urine  samples  for  oxytocin  analyses  were  collected  when  the  deep  pressure  vest  was
first fitted:  before  dressing  the  dog  and  30 min  later.

The  DEEP  vest  reduced  the  lying time  of  the  dogs  during  the noise  interval.  During  the  noise  interval
total  lying  time  with  any  vest  correlated  positively  with  saliva  cortisol,  measured  after  noise  interval,
indicating  that  the  increased  lying  time  was a sign  of a  higher  stress  level  in  the  dogs.  Wearing  either
vests  increased  the  time  the  dogs  spent  near  their  owners  during  noise  interval.  Time  spent  near  the

owner  when  wearing  the DEEP  vest  during  the  recovery  interval  correlated  positively  with  the  urine
oxytocin.  These  results  indicate  oxytocin  might  be related  to  the dogı́s  tendency  to  seek  owner  support
and the  vests  might  effect  this  behaviour  positively.  We  did  not  find  a clear  therapeutic  effect  of  using
pressure  vests  in noise  phobic  dogs.  However,  our  results  indicate  the  pressure  vest  might  reduce  the

 spee
acute  stress  reaction  and

. Introduction
Noise phobia, or sensitivity, is a very common welfare problem
n pet dogs (Sherman and Mills 2008; Blackwell et al., 2013): up
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to 50% of dog owners have reported their pets to be afraid of at
least one type of noise (Blackwell et al., 2013). Typically dogs react
aversively to thunder, fireworks and shotguns. If the dog reacts
fearfully towards one of these noise types, it has a high likelihood
of reacting fearfully also to the other two noise types (Blackwell
et al., 2013; Tiira et al. in Press). It is a general belief that noise pho-
bia is associated with traumatic experiences, such as exposure to

unexpected fireworks, however this is rarely the case (Overall 2000,
2013; Sherman and Mills, 2008). Noise sensitivity is suggested to
have a clear hereditary component (van der Waaij et al., 2008) but
also several environmental factors effect the development of the
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hobia (Blackwell et al., 2013; Overall, 2013; Tiira and Lohi, 2015).
ogs of all ages can suffer from noise phobia, while it gets more
ommon with increasing age of the dog (Blackwell et al., 2013; Mills
005; Tiira and Lohi, 2015). In a recent study, the average age for
he onset of noise sensitivity was two years (Tiira and Lohi, 2015).
oise phobia is treated using de-sensitizing, pheromones, medica-

ion, and their combination, with variable success (Sherman and
ills, 2008).
The most common behavioural signs of noise fear are pant-

ng, trembling, hiding, escaping, restless walking and vocalizing.
n extreme cases the dog may  also urinate or defecate indoors
Blackwell et al., 2013; Dale et al., 2010; McCobb et al., 2001). Loud
oise has further been shown to cause several physiological reac-
ions in noise phobic dogs: increased heart rate and hematocrit
evel as well as increased plasma concentrations of cortisol, pro-
esterone, vasopressin, and endorphins (Hydbring-Sandberg et al.,
004).

In clinical studies of humans, deep pressure and weighted vests
r blankets have been shown to have a calming effects (Blairs et al.,
007; Edelson et al., 1999; Grandin, 1992; Mullen et al., 2008).
hen cattle were being held in a squeeze chute, which causes large

rea pressure, agitation was reduced in some animals (Grandin,
992). In dogs suffering from separation anxiety pressure vests
ave been shown to reduce heart rate (King et al., 2014). Commer-
ial pressure vests have been tested also on dogs suffering from
hunderstorm phobia. Some of the owners reported the use of the
ressure vest to be successful (Cottam et al., 2013). However the
ffect of the vest has not been tested in a controlled situation and
he possible underlying biological mechanism is still unknown.

Peripheral oxytocin has been suggested to be one of the media-
ors in the stress-relief action of skin contact (Bello et al., 2008) and
ffectively reduces blood pressure and heart rate (Pedersen et al.,
000). Oxytocin is also important for social attachment (Carter
003; Panksepp 1992; Pedersen et al., 1988; Uvnäs-Moberg, 2006).

n dogs, positive interactions with owners have been shown to
ncrease the blood oxytocin level (Odendaal and Meintjes, 2003).

The aim of this study was to investigate the effect of pressure
n behaviour of severe noise phobic dogs, and to investigate the
ossible role of oxytocin in mediating such an effect. We  tested
ests of two different pressure levels in a controlled test situation.
e  hypothesized that an individually customized vest with high

ressure (DEEP) would reduce fear-related behaviours and saliva
ortisol concentration of noise phobic dogs in a noise test com-
ared to the (LIGHT) pressure vest, or no vest (CONTROL). We  also
xpected to see an increase in the dog urine oxytocin after being
xposed for 30 min  to the deep pressure vest.

. Materials and methods

The study was approved by the ethics committee of the Univer-
ity of the Helsinki in Finland.

.1. Experiment animals

In total 28 dogs were recruited via an ongoing study by the
anine Genetic Research Group of the University of Helsinki, which

nvestigates the genetic background of noise sensitivity. Owners
ad completed an online questionnaire about their dogs. The ques-
ionnaire included several fear-related questions, such as possible
earful reactions towards loud noises (thunder, fireworks and gun-

hot), unknown people, dogs or new situations. The questionnaire
as been shown to have a good external validity and also excellent
est-retest reliability especially in questions of the fearful reactions
owards loud noises (Tiira and Lohi, 2014).
Fig. 1. The tested commercial deep pressure vest, Lymed AnimalTM supporting gar-
ments, Lymed Ltd® ., Finland.

All participating dogs (age 2–11 years, mean 5.9 years) had
been reported to react fearfully in 60–100% of the occasions
when exposed to fireworks, by either escaping or hiding. To avoid
that the dog’s possible fear towards the tester or novel situation
would confuse the test, we  excluded dogs that had shown fearful
behaviours towards people or in new situations frequently (defined
as 40–100% of occasions). Female dogs in estrus and dogs using reg-
ular medication were excluded, except for dogs using non-steroidal
anti-inflammatory drugs.

The participating dogs represented 14 breeds, where Lagotto
Romagnolo (N = 7) and Staffordshire Bullterriers (N = 6) were the
most frequent breeds. Of the dogs 18 were bitches (including 14
sterilized) and 10 males (including 5 castrated). Owners reported
that 22 out of the 28 dogs had used some form of clothes (e.g. rain-
coats and warm dog coats) at least once before, and a commercial
noise desensitizing cd had been tested on seven dogs in the past,
however, without success.

2.2. A pressure vest

The vests (Lymed AnimalTM supporting garments, Lymed
Ltd® Finland) used in the experiment (Fig. 1) were personally
customized to each dog. Experienced persons took individual mea-
sures of each dog for the vests at least two weeks before the
experiment started. Two vests of similar texture, but with differ-
ent pressure level were used: The typical Lymed deep pressure vest
(DEEP) created a pressure of approximately 10–12 mmHg and the
light pressure vest (LIGHT) a pressure of approximately 2–3 mmHg.

2.3. Test setup

Dogs were semi-randomly divided into three treatment order

groups, balancing for gender (Table 1). Each dog participated in
three noise test days (1st, 2nd or 3rd) with the minimum time
between two test days being one week. Each dog thus underwent
all three treatments (CONTROL, LIGHT, and DEEP).
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Fig. 2. The procedure of taking urine samples (oxytocin).

Table 1
Order of the tested vest treatments the DEEP pressure vest, the LIGHT pressure vest
and CONTROL (without a vest) in a noise test. The DEEP pressure vest created a pres-
sure of approximately 10–12 mmHg  and the LIGHT vest a pressure of approximately
2–3 mmHg.

Group Order of test days, and number of participating dogs (n)

1st Test day
(n = 28)

2nd Test day
(n = 26)

3rd Test day
(n = 25)

1 (n = 10) LIGHT CONTROL DEEP
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2  (n = 9) DEEP LIGHT CONTROL
3  (n = 9) CONTROL DEEP LIGHT

Prior to each test the dogs had not been fed for at least an hour.
ossible physiological treatments such as massage, acupuncture or
rimming had been completed no later than one week before. At
rrival the dog was walked on leash by the owner directly from the
ar to the examination room, without giving the dog any opportu-
ity to sniff people or other dogs. The owners were advised to avoid
ny extra attention (such as petting and talking) towards their dog
uring any of the test phases. Test days were not organized during
hunder.

.4. Urine samples and vest fitting

Minimum of one week prior to the first test day the dogs and
heir owners arrived to the experiment room in the Veterinary
eaching Hospital (the University of Helsinki) for the DEEP vest
tting, urine sampling and adaptation to the experiment site. Dogs
ere not allowed to urinate at arrival. Two urine samples were col-

ected for oxytocin analyses: one before fitting the vest (OXY1) and
ne after fitting and wearing the vest for 30 min  (OXY2). To collect
rine samples, the dogs were taken to an outside yard close to the
xperiment room. The dogs were kept on leash and urine samples
ere taken with a long-handled 1.5 dl scoop. The samples were

hen placed on ice and transported to laboratory immediately after
he 2nd sample (OXY2). The urine sampling schedule is shown in
ig. 2.

.5. The noise test and saliva sampling

For the noise test, a 235 × 245 cm area with a one-meter high
ence was constructed within the experiment room (Fig. 3). The
indow of the room was covered. A small table was situated in the

orner of the test arena, and it was covered with a cloth to give
he dogs the possibility to hide underneath. For the behavioural
coring the floor was divided into 16 equal-sized squares. Loud-
peakers for the noise stimuli were located in two opposite corners
f the room. The owner was sitting on a chair next to the fenced
rea, facing the door. Researchers worked behind a visual barrier

uring the video recordings. Before the dog entered the room the
oise level of the stimuli to be used was calibrated as 70–73 dB
ith a sound level meter (Nor131, Norsonic, Lierskogen, Norway).

he same room was used throughout the study period (May to
Fig. 3. The experiment set-up for the noise test. The second video camera was used
as  backup only.

September 2013). Between the tests sequences the room floor was
cleaned for removing odours and providing appropriate hygiene
(Kiilto Desichlor, KiiltoClean OY, Finland).

Saliva samples for cortisol analysis were collected using
Salivette tubes (Cortisol-Salivette®, Sarstedt AG & Co, Nűmbrecht,
Germany), containing biodegradable synthetic swabs. In the morn-
ing of the test day the swabs were placed in a covered plastic jar,
containing liverwurst for scenting. The swabs were not in phys-
ical contact with the liverwurst. The scenting was performed to
increase saliva flow and to make sampling less stressful for the
dogs. At sampling, the swab was taken from the jar using surgi-
cal forceps and placed in the dog’s mouth. The dog was allowed to
chew on the swab for 1–2 min, after which the swab was  placed in
a Salivette tube, placed in ice, and frozen as soon as possible after

the test.

At arrival (Fig. 4) on the test days the dog was allowed to urinate
before entering the experimental room (1). The first saliva sample
(COR1) was taken outside at arrival (2). In the experimental room
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Table  2
Ethogram used for registration of dog behaviour. Behaviour was  registered continuously throughout the 6 min  test period.

Behavioural classes Behaviour Definition

Body postures Lying Ventral/lateral body parts are touching the floor.
Sitting Hind quarters are touching the floor with the front legs being used for support.
Standing All four paws touching the floor, legs upright and extended, supporting the body. Dog

is  moving or standing still.
Motor activity Fence manipulation Touching fence with nose or front paws in such a way  that fence is moving (i.e.

jumping against the fence/nosing it)

Tail positions 1. Tail over the backline
2. Tail along the backline 3. Tail below the
backline 4. Tail between legs
5. Can’t see the tail from video records. Dog is
sitting/standing back arched, head against the
camera.

Location Location on the grid of squares The square (1–16) where more than half of the dogı́s body is located (Fig. 3)
Location under the table Registered when either at least half of the dogs body, or itsı́  head is under the table

Vocalization Vocalization by the dog Any type of vocalization by the dog
Oral behaviours Yawn Dogs’ mouth is stretching wide open for a period of a few seconds. Not related to

barking.
Lick  nose or lips Tongue extends up- or sidewards to touch nose or lips, before retracting back into

mouth
Pant  Mouth open with tongue extended accompanied with rapid breathing and chest

movements. If the dog’s mouth was not visible, panting was scored from visible rapid
breathing movements of the chest.

Other Trembling Dog shivering or trembling.
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Fig. 4. The test se

he dog was dressed in the vest or if tested without the vest, the
og was touched in a similar way as if dressed in a vest (4). The
wner was instructed to sit on the chair facing the door and asked
ot pay any attention to the dog (5). If the dog tried to get over the

ence, the owner was told to prevent it with his/her hand.
Before the noise test began the dogs were given 20 min  to adapt

o the experiment room. At the end of the adaption period, a sec-
nd cortisol (COR2) sample was taken (7). The test period was  then
tarted (8), and was divided into three two-minute intervals (pre-
oise interval, noise interval and recovery interval). The pre-noise

nterval was a quiet period without noise. The noise interval was

 period of firework noise from loudspeakers played at 70–73 dB
rom a commercial cd aimed at desensitizing noise-phobic dogs
Hui Kauhistus − Sounds Scary, Sound Therapy 4 Pets, UK). The
or the noise test.

recovery interval was  again a period without noise. Saliva samples
COR3 and COR4 were taken 20 min  (9) and 40 min (10) after the
noise test (Fig. 4).

2.6. Behaviour observations

The behaviour of each dog was  recorded throughout the 6 min
test period with a video camera attached to a two  meter high tripod
above the test arena (Fig. 3). One person blinded to the treatments
and aims of the study scored the activity (number of crossed lines),

body and tail postures, oral behaviours and vocalizing continuously
using the CowLog software (Hänninen and Pastell, 2009). Total
duration, bout duration and number of bouts were calculated for
body and tail postures, and number of bouts for panting, yawn-
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Table 3
Behavioural variables derived from the owner-filled questionnaire (Tiira and Lohi,
2014).

Variable Explanation

Noise reactivity
index

Describes the frequency and intensity of fearful
reactions towards loud noise. Calculated as follows:
(sum of fearful behavioural reactions to fireworks) *
frequency of fear reaction to fireworks + (sum of fearful
behavioural reactions to thunder) * frequency of fear
reaction to thunder + (sum of fearful behavioural
reactions to gunshot) * frequency of fear reaction to
gunshot.

Noise fear
frequency

Sum of frequencies of showing fearful behaviour
towards loud noises (thunder, fireworks, gunshot).
Differs from noise reactivity index in that only the
frequency, but not the intensity is calculated.
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General fearfulness Sum of frequencies of showing fearful behaviour
towards people, dogs, new situations

ng, licking, fence manipulation and crossed lines. The ethogram of
ecorded behaviours is shown in Table 2.

.6.1. Owner surveys
Prior to the experiment the dog owners had completed a survey

bout their dog’s everyday behaviour. Several behavioural variables
ere derived from the questionnaire (Table 3), and these variables
ere used to investigate if the behaviour at home associates with

he behaviour in the test situation.
After the 3rd and final noise test day the owners were allowed to

ake the deep pressure vest home. The first follow-up questionnaire
as sent two months later in November. The owners were asked:
id you use the DEEP pressure vest on your dog in daily life? In what
ind of situations? Was  it helpful for your dog? The second follow-
p questionnaire was sent just after the New Year. The owners were
sked: Did you use the DEEP pressure vest on your dog at the New
ear’s eve? In what kind of situation? Was  it helpful for your dog?

.7. Hormone assays

Saliva tubes were stored at −20 ◦C until analysis. Before anal-
ses, the saliva tubes were thawed and centrifuged for 10 min
t 1000 x g. Salivary cortisol was analysed in duplicates with a
ommercial radio-immunoassay kit (Spectria Cortisol RIA, Orion
iagnostica, Turku, Finland). The quantitation limit of the cortisol
nalysis was 0.36 ng/ml. The intra-assay coefficient of variation was
1.0%. To eliminate inter-assay variation, all samples were mea-
ured in the same assay. All samples had cortisol concentrations
bove the quantitation limit.

Urine samples were cooled immediately after collection in an
ce-bath and centrifuged for 10 min  1300 x g at 4 ◦C and stored at
80 ◦C. Samples were first purified with a solid phase extraction

SPE). SPE columns (Oasis HLB 1 cc Vac Cartridge, 30 mg,  Waters
orporation, Milford, U.S.A.) were conditioned with 1 ml  methanol
nd 1 ml  water and then 1 ml  of urine sample with 10 �l of phos-
horic acid was added to the columns. Columns were washed with

 ml  10% acetonitrile containing 0.1% trifluoroacetic acid (TFA) in
ater and eluted with 1 ml  80:20 (acetonitrile:water). Eluted sam-
les were evaporated to dryness with a stream of nitrogen at 37 ◦C
nd stored at −80 ◦C until oxytocin analysis.

Oxytocin was anlysed with an enzyme-linked immunosor-
ent assay kit (Oxytocin ELISA kit, Enzo Life Sciences, Lausen,
witzerland). Before ELISA, SPE-purified and dried urine samples
ere reconstituted with 250 �l assay buffer supplied in the ELISA
it and analysed in duplicate according to the assay kit instructions.
he inter- and intra-assay coefficients of variations were 9.9% and
2.5%, respectively. The recovery of the assay was tested by adding

 known amount of oxytocin to urine. Recovery for urine samples
aviour Science 185 (2016) 86–94

was 102.0 (13.7) %, mean (standard deviation), n = 12. The quanti-
tation limit of the urinary oxytocin was  3.9 pg/ml and all samples
were above the quantitation limit.

The urinary oxytocin concentrations were normalized by mea-
suring creatinine concentrations in every urine sample to control
variations in urine flow. The creatinine levels were measured with
an enzymatic Konelab method by automatic analyser Konelab 30i
(Thermo Fisher Scientific, Vantaa, Finland). Urinary oxytocin con-
centrations are presented here as oxytocin to creatinine ratio,
pg/mg Cr.

2.8. Missing data

All four saliva samples for cortisol analyses were successfully
collected from 20 dogs, and the two  urine samples for oxytocin
were successfully collected from 24 dogs. Most missing samples
were due to either the dog not urinating, or not producing enough
saliva. In addition, one dog behaved aggressively during saliva sam-
pling, and the sampling was not continued. Videos of 28 dogs were
analysed, of which 25 participated in all tests. Missing data was  due
to one dog being too fearful to participate into the noise test, and
two dogs leaving the study before finishing all three test days. Alto-
gether we had the entire data from behavioural and physiological
measures from 20 dogs.

2.9. Statistics

The number of crossed squares during each interval was  cal-
culated. The duration the dog spent near their owner during each
interval was  defined as the sum of duration the dog spent in squares
1 and 5 (Fig. 3). The data for number of crossed squares was ln-
transformed to obtain an approximate normal distribution. The
differences between the treatments in number of crossed squares
and time spent near their owner were tested with repeated mea-
sures linear mixed models. The models included test day (1st, 2nd
or 3rd), treatment (CONTROL, LIGHT, DEEP), interval (pre-noise,
noise and recovery) and order of treatments (1, 2 or 3) as fixed
effects, as well as any statistically significant two-way interactions
between these effects. Dog nested within order of treatments was
used as a random factor.

The effect of vest type on saliva cortisol was tested with a linear
mixed model with saliva sample (COR2, COR3, COR4) as repeated
factor and saliva sample at arrival (COR1) as a covariate.

Results of the linear mixed models are presented as estimated
means with the standard error of mean (SEM) except for the num-
ber of squares crossed which is presented as an estimated mean
with a 95% confidence interval (CI) due to reconversion of the log-
arithmic variable.

For the statistical analyses total duration was calculated for
body and tail postures and panting and number of bouts of yawn-
ing, licking and fence manipulation per each of the test intervals
(pre-noise, noise, recovery). The data failed to follow normal distri-
bution, even after attempting transformation, and the differences
between the three treatments during each interval with related
samples were tested by Wilcoxon Signed-rank tests, and if found
significant, pair-wise comparisons were performed with Friedman
tests. Also differences between OXY1 and OXY2 were tested with a
Friedman test. Results from the non-parametric tests are reported
as medians and interquartile ranges (IQR).

Spearman rank correlation tests were used to test for associ-

ations between oxytocin and cortisol samples, and between the
times the dog spent near their owner, the behavioural indexes
derived from the questionnaire (Table 4) and dogs lying time during
the noise intervals.
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Table  4
Spearman rank correlation coefficients (rs) between lying duration of noise-phobic
pet  dogs during two 2-min noise interval with either DEEP (10–12 mm Hg), LIGHT
pressure vest (2–3 mm Hg) or CONTROL (no vest), and general fearfulness and
noise fear frequency (questionnaire-derived variables from Tiira and Lohi, 2014,
see  Table 3 for details).

Questionnaire-derived
behavioural variables

Lying duration during the noise interval. Dogs were
wearing either a DEEP pressure vest, a LIGHT pressure
vest or no vest at all (CONTROL).

DEEP LIGHT CONTROL

rs p rs p rs p

3
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Table 5
Spearman rank correlation coefficients (rs) between canine urine oxytocin, sampled
after wearing a DEEP pressure vest (10–12 mm Hg) for 40 min, and general fearful-
ness, noise fear frequency and reactivity index (questionnaire-derived behavioural
variables from Tiira and Lohi, 2014, see Table 3 for details, N = 23).

Questionnaire-derived
behavioural variables

Urine-oxytocin in dogs
(N = 23)

rs p

General fearfulness 0.50 0.016
General fearfulness 0.53 0.01 0.44 0.04 0.48 0.02
Noise fear frequency 0.52 0.01 0.51 0.01 0.49 0.02

. Results

.1. Behaviour during the test

We  found a difference between the treatments in median
ying time during the noise interval (Wilcoxon sign, p < 0.02),
nd pairwise comparisons revealed thatthe significant difference
as between the DEEP and CONTROL treatments (Friedman test

 < 0.03). The median (IQR) lying duration of dogs was shorter when
ogs were wearing the DEEP, vest during the noise interval, com-
ared to CONTROL and no difference was found compared to the
IGHT; 0 (66.90) s vs. 39.00(109.00) s and 12.70(110.10) s, respec-
ively.

Overall the dogs spent (mean ± sem) 33 ± 4.5 s near their own-
rs during the 6 min  test period. This duration was  not affected
y the treatment nor the interval. However, we  found an inter-
al*treatment interaction showing that dogs in the CONTROL
reatment spent less time near their owner during the noise interval
han during the pre-noise or recovery intervals (p < 0.05 for both).
o difference was found between intervals within the LIGHT or
EEP treatments (Fig. 5).

Treatment or test day had no effect on the mean (CI95%) num-
er of crossed squares; which was overall 2.1 (1.2–3.1). Intervals
id differ (p < 0.001): Mean number of squares the dogs crossed
educed from pre-noise interval to noise and recovery intervals:
rom 3.8 (1.0–1.2) to 2.4 (0.8–1.0) and 0.6 (0.3–0.5), respectively
p < 0.02 for all). We  also found an interaction between the test
ay and intervals (p < 0.001): dogs crossed more squares during
he noise interval of the 1st test day than during the 2nd or the 3rd
ays (p < 0.01 for both, Fig. 6). No test day effect was found for the
ther intervals, nor was  a treatment*test day interaction detected.

We found no treatment, interval or day effects on any of the
ther behaviours recorded (p > 0.05 for all).

.2. Correlations between behaviours observed during the tests
nd fearful behaviour at home

We  found a positive correlation between the time spent near
he owner and the noise fear frequency (p < 0.001, rs = 0.75, N = 24),
ut only when the dogs were wearing the DEEP vest during the
oise interval. We  also found a positive correlation between the
ime spent near the owner during the recovery interval, and the
oise fear frequency (p < 0.001, rs = 0.62, N = 24) and noise reactivity

ndex (p < 0.04, rs = 0.43, N = 24), when the dogs were wearing the
EEP pressure vest.

We found positive correlations between lying duration during
he noise interval in every treatment and general fearfulness and

oise fear frequency (p < 0.05 for all, Table 4.)

There was no difference in cortisol level between treatments
r test days. However, test intervals did differ: the cortisol level
as higher in the COR3 sample than in the COR2 or COR4 sam-
Noise fear frequency 0.47 0.024
Reactivity index 0.56 0.005

ples (4.94 +/− 0.44 ng/ml vs. 4.33 +/− 0.43 ng/ml and 4.04 +/−
0.45 ng/ml, p ≤ 0.05 for all, respectively, N = 20).

Median (IQR) urine OXY1 and OXY2 levels did not differ; 20.1
(10.31) pg/mg Cr and 18.0 (12.01) pg/mg Cr, respectively. And they
had a strong positive inter-correlation (rs = 0.813, p < 0.001, N = 24).
No statistically significant correlation was  found between OXY and
COR samples.

Time spent near the owner during the recovery interval dur-
ing the DEEP treatment correlated positively with OXY1 and OXY2
(rs = 0.44, p < 0.03 and 0.50, p < 0.01, respectively, N = 24 for both).

Total time spent lying down during the noise interval with DEEP
or LIGHT pressure vest correlated positively with the (COR3) post-
noise saliva cortisol (rs = 0.57 and 0.49, respectively, p < 0.05 for
both).

We found no significant associations between cortisol levels and
questionnaire derived behavioural variables (p > 0.05 for all). How-
ever, we did find significant positive associations between OXY2
and general fearfulness, noise fear frequency and reactivity index
(p < 0.02 for all, Table 5).

3.3. Follow-up questionnaires

According to the answers (N = 28) to the first follow-up ques-
tionnaire the pressure vest had been used in daily life by 17 dogs.
The experience of the use of the pressure vest was mainly positive
(14/17–82%), or neutral (3/17–18%).

Regarding New Year’s Eve, when dogs are usually exposed to
fireworks, we got 26 answers to the second follow up questionnaire.
Most of the dogs (20) had used pressure vest on New Year’s Eve.
These owners reported mainly positive experiences (16/20–80%)
or neutral experiences (4/20–20%).

4. Discussion

We did not observe large differences in behaviour when using
a pressure vest in noise phobic dogs in a double-blinded experi-
mental setup. However, some subtle, but interesting, differences
in behaviour were observed. Dogs were lying down less during
the noise interval when wearing the DEEP pressure vest compared
to dogs without vest. We  did not subjectively classify the valence
(negative or positive) of observed behaviours in this study, but
based on our results, increased lying duration is most likely a fear-
related behaviour in this setup. Lying duration during noise interval
was positively correlated to saliva cortisol when wearing either
vest. In addition, we  found that the strength of noise fear in the
home environment, as assessed by the owners, was also positively
correlated to lying duration during the noise interval. Similarly,
freezing behaviour, has also been shown to be common behavioural
response to noise interval (Araujo et al., 2013; Gruen et al., 2015;

Tiira et al. in Press)

Wearing the DEEP vest increased the time the dogs spent near
their owner during the noise and recovery intervals. The dogs with-
out vest spent less time near their owner during the noise test than
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Fig. 5. The interaction between treatment (LIGHT, DEEP or CONTROL) and interval on the duration the noise phobic dog (N = 28) spent near their owners during the 6-min
test.  Each interval (pre, noise and recovery) lasted for two  minutes.
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Fig. 6. Interaction between the test sequences and intervals o

re-noise and recovery intervals. In addition, the strength of the
oise fear of dogs at home, as assessed by their owners, correlated
ositively with the duration the dogs spent near their owner dur-

ng the noise interval and during the recovery interval, but only
hen wearing the DEEP pressure vest. In fearful situations, dogs are

specially dependent on their owners (Kerepesia et al., 2015) and
t is possible that in very fearful dogs, the pressure vest facilitates
uch behaviour. As the time spent near the owner when wearing
he DEEP pressure vest during recovery was correlated to oxytocin,
nd as oxytocin level was  higher also in dogs with a higher level
f fear in home conditions, it is possible that this owner seeking
ehaviour is mediated by oxytocin. Oxytocin is related to social
onding (Nagasawa et al., 2015) and even short-term interaction
etween dogs and their owners will raise oxytocin levels (Handlin
t al., 2011). Dogs have been shown to show more affiliation to
heir owners after nasal oxytocin spray than before (Romero et al.,
013). However, we were not able to show an effect of the vest on
he oxytocin level during the vest fitting session, thus we cannot
onclude that the vest-induced increase of owner-seeking was  due
o oxytocin, and the topic warrants further investigation.
We found that baseline urine oxytocin correlated positively with
aliva cortisol after the noise test. It is possible that by prevent-
ng physical and eye contact between dog and the owner during
he test, we induced an additional stress factor. This might have
min  each )

mean number squares the noise-phobic dogs (N = 28) crossed.

been especially stressful for dogs with high baseline oxytocin lev-
els, as these might be dogs with a higher motivation to seek owner
comfort (Romero et al., 2013). On the other hand, due to the pos-
itive correlation between oxytocin and fearfulness at home, it is
also possible that this is merely due to these dogs being more fear-
ful in general, and thus more effected by the test. Dogs have large
between-individual behavioural variation in how they react in fear-
ful or stressful situations (Araujo et al., 2013; Gruen et al., 2015;
Tiira et al. In press) and it is therefore difficult to classify one or two
behaviours which would most likely indicate a fearful emotional
state. Therefore, in this study we decided to measure only the differ-
ence in the observed behaviour with or without a vest. The strength
of this method is objectivity, however we  cannot gain any informa-
tion on the valence or arousal of emotions using this method. The
other option would have been to subjectively assess the level of
fearful emotion for example by using several dog experts, which
would have reduced the objectivity, but allowed assessment of
valence and arousal of emotion.

The noise interval was a stressful situation for the dogs in this
study, indicated by changes both in behaviour (reduced crossed

squares) due to the noise, and an increased cortisol level after the
test as compared to just being in the test room. This indicated
our experimental setup has been successful in inducing fear. A
similar rise in cortisol after noise interval was also reported by
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ydbring-Sandberg et al. (2004). The behaviour of the dogs dur-
ng the noise interval was different on the first test day than during
he following two, with more crossed squares on the first test day.
his also could be due to habituation during the experiment. This
xperiment indicate that the most fearful dogs actually became
ess active, i.e. showed increased freezing behaviour, as a results
f increased stress. This might also indicate an increased fear level
n the dogs during the consecutive test days, as reported also by
raujo et al. (2013) and Gruen et al. (2015).

The fact that the majority (approximately 80%) of owners had
ositive experiences of the vest, when used in the normal environ-
ent of the dog, indicates that the vest does have a therapeutic

ffect on some dogs, even though this was not clearly shown in
he current experimental set-up. This is a similar result to that of
ottam et al. (2013), testing another type of pressure clothing on
ogs with thunderstorm phobia. It needs to be remembered that

n an artificial test situation the owner behaviour is difficult to
tandardize, and not all dogs react similar to same noise stimuli.
ccording to some owners (results not reported), their dogs did
ot react similarly in our artificial tests situation compared with
eal thunder/fireworks (i.e. were not fearful), suggesting that these
ogs might have not experienced this situation as “real”. How-
ver, as owners hoping for help for their dogs might over interpret
hanges in the dogı́s behaviour due to the vest (Cottam et al., 2013),
nd as owners might not always recognize subtle signs of stress
Maritia et al., 2012), recordings in the home-environment should
e objective and preferably blinded.

Noise phobia is a very heterogeneous symptom, with dogs react-
ng to various sounds, and with a large range of severity (Storengen
nd Lingaas, 2015). In addition, dogs show individual variation in
heir reaction to stressful situations (Horváth et al., 2007). Thus the
tudy population should be rather large to find possible therapeutic
ffects, as well as features describing those dogs that benefit from
ny tested treatment. We  suggest that future studies investigat-
ng the therapeutic effect of pressure vests should include a larger
tudy population, a real loud noise situation, and assessment of
alence and arousal of emotion. Also combining pressure vests to
ehavioural therapy would be worth studying.

. Conclusions

The pressure vest changed the behaviour of dogs during a noise
nterval in a double-blinded, controlled experiment, but only to a
imited extent. The vest facilitated dogs to seek comfort from their
wners and reduced the time dogs spent freezing.
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