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ARTICLE INFO ABSTRACT

Keywords: Human patients with chronic pain from osteoarthritis often report impaired sleep, but it is not yet known if sleep
ACtig"f’Phy‘ is also impaired in dogs with osteoarthritis. This study aimed to compare the night-time sleep behaviour of
Chronic pain osteoarthritic (N = 20) and healthy control (N = 21) dogs over a 28-day period, using an actigraphic device (the
IC))(s)tge oarthritis FitBark activity monitor) and an owner questionnaire designed to measure sleep quality (the SNoRE). Acti-
Sleep graphic data were aggregated to estimate the time each dog spent resting each night, and questionnaires were

completed every 7 days. Data were analysed using robust mixed-effects linear regression. The presence of clinical
signs of osteoarthritis had a significant effect on actigraphic recordings, with osteoarthritic dogs spending lower
proportions of the night period resting (and therefore higher proportions of the night period active) compared to
control dogs (z = 2.21; P = 0.0268). However, there was no significant difference between the SNoRE scores of
osteoarthritic and control dogs (z = —1.01, p = 0.312). The actigraphic findings of this study suggest that dogs
with osteoarthritis may experience impaired sleep, which could have important welfare implications and merits

further study.

1. Introduction

Osteoarthritis is a common cause of chronic pain in humans (Are-
ndt-Nielsen et al., 2010; Peat et al., 2001; Sofat et al., 2011), and human
osteoarthritis patients often report sleep impairments (Power et al.,
2005; Taylor-Gjevre et al., 2011; Wilcox et al., 2000). These disruptions
to sleeping patterns are likely to be associated with the chronic pain of
osteoarthritis, since chronic pain is a predictor of sleep problems in other
human conditions (Drewes et al., 2000; Nicassio and Wallston, 1992;
Riley et al., 2001). Sleep impairments themselves may exacerbate
chronic pain (Affleck et al., 1996; Morin et al., 1998; Stone et al., 1997)
and adversely affect cognition (Chee and Choo, 2004; Steenari et al.,
2003). They therefore represent a significant threat to wellbeing.

Osteoarthritis also causes chronic pain in dogs (Brown et al., 2007,
2008; Conzemius et al., 2003; Hielm-Bjorkman et al., 2009; Hunt et al.,
2018; Moreau et al., 2003; Wiseman et al., 2001), and canine osteoar-
thritis is thought to be highly prevalent (Anderson et al., 2018; Henrotin
et al., 2005; Johnston, 1997). However, it is not known whether oste-
oarthritic dogs also experience sleep deficits. In a blinded
placebo-controlled study, Knazovicky et al. (2015) found that

* Corresponding author.
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meloxicam analgesia caused significant improvements in scores on an
owner questionnaire designed to measure sleep quality of dogs; the
Sleep and Night-time Restlessness Evaluation (SNoRE) questionnaire.
However, there were no significant differences in actigraphic measure-
ments of night-time activity between meloxicam-treated and baseline or
placebo-treated osteoarthritic dogs. This suggests that meloxicam
treatment improves owner-reports of how well their osteoarthritic dog is
sleeping, but does not alter night-time movement of the dogs. However
Knazovicky et al. (2015) did not include a control group of healthy dogs,
and therefore it is not known whether the observed effects of meloxicam
analgesia on reported sleep in osteoarthritic dogs were due to a reversal
of the effects of osteoarthritis on sleep or due to a non-specific effect of
the analgesic, and hence whether osteoarthritis is indeed associated with
impaired sleep in dogs.

The aim of this study was to explore whether dogs with clinical signs
of osteoarthritis also display impaired sleep compared to healthy control
dogs. Polysomnography can distinguish true sleep and wakefulness pe-
riods as well as different sleep stages and has been developed for use in
dogs by Kis et al. (2014), initially in a canine sleep laboratory with re-
searchers on hand to place electrodes, but more recently in dog owners’
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homes allowing in situ night-time recordings of up to 3 h duration
(Reicher et al., 2021). Given the aim of recording sleep over a 28-day
period, it was considered unlikely that sufficient owner compliance
including regular and correct placement of electrodes could be achieved
each night across the study period in owners’ homes. Therefore, poly-
somnography was considered infeasible for this study and, instead, sleep
behaviour was assessed by measuring the proportion of the night-time
period spent resting using an actigraphic device; the FitBark™ activity
monitor system.

In humans, actigraphy generally has agreement rates with poly-
somnography of approximately 80%. However, its sensitivity is
considerably higher than its specificity, which can lead to poorer
agreement rates in populations where participants spend lower pro-
portions of the night period sleeping (Sadeh, 2011). Nevertheless, it has
accurately discriminated human participants with sleep impairments
from control participants in a range of studies (extensively reviewed by
Sadeh, 2011), indicating that actigraphic measurements are a useful
proxy measure of sleep in these populations. Although actigraphy in
companion dogs has not yet been systematically validated against pol-
ysomnography, its promise in human sleep studies and its ability to
remotely monitor dog activity in owners’ homes over several weeks,
made it the most appropriate technique for objective monitoring of dog
sleep in this study.

We used the FitBark actigraphy system (Knazovicky et al., 2015 used
Actical Activity monitors) as it has been specifically designed for dogs, is
significantly more affordable than most competitors, allowing the pur-
chase of one device per participating dog, is very easy for owners to use
and synchronise, and allows data to be uploaded remotely from the
device via Bluetooth. Consequently, it was unnecessary to perform
repeated visits to the owner’s home to download data. Whilst the FitBark
has not been fully validated in the peer-reviewed literature, it has been
used in previous studies to investigate the effects of a nutraceutical
product on activity levels (Di Cerbo et al., 2017) and the effect of dogs’
activity and rest patterns on those of their owners (Patel et al., 2017).

Alongside actigraphic measures of sleep quality, we assessed sleep
quality using the SNoRE questionnaire developed by Knazovicky et al.
(2015). We hypothesised that dogs with osteoarthritis would show
decreased sleep quality (increased SNoRE scores) relative to control
dogs, and would also show significantly decreased proportions of the
night period spent resting.

2. Methods

Ethical approval for animal use and human (owner) participation
was obtained from the University of Bristol Animal Welfare and Ethical
Review Body (VIN/17/005) and University of Bristol Faculty of Health
Sciences Research FEthics Committee (Application Ref: 31623)
respectively.

2.1. Animals

Forty-one dogs were recruited via a social media campaign (using a
combination of the study’s Facebook Page https://www.facebook.co
m/dog.arthritis and posts on dog-related groups and pages based in
South West England) as well as poster and leaflet placement within
veterinary clinics in Bristol and North Somerset. Inclusion criteria
required dogs to be between 5 and 11 years of age and weigh less than
12 kg, to be free from signs of age-related cognitive decline and pain
conditions other than osteoarthritis, and to have no signs or history of
health conditions that could cause study participation to impair their
health or welfare. Dogs receiving analgesic medication were not
excluded, the numbers of dogs receiving analgesia and the types and
frequency of analgesic treatment are shown in Table 1. Dogs were
assigned to groups (osteoarthritis (n = 20) or control (n = 21)) based on
clinical examination by a veterinary surgeon (MS) using a standardised
clinical checklist and a verbal history take from the owner about any
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Table 1
Signalments of recruited dogs in each group.

Variable Control Group Osteoarthritis Group
Sex

Female (neutered) 6 12

Male (neutered) 15 8

Breed Class:

Gundog 10 10
Crossbred 4 3

Hound 1 0

Pastoral 1 4

Terrier 2 1

Utility 1 0

Working 2 2
Analgesia provision

No 20 10

Yes 1 10
Analgesia frequency

None 20 10
Occasional 1

Daily 0 7
Analgesia type

None 20 10
Nonsteroidal analgesia only 1 7

Other analgesics provided® 0 3

Season of data collection

Summer (May-August 2017) 12 13

Winter (November-February 2017) 9 7
Continuous variables

Age (years) 7.86 + 0.50 7.80 £ 0.77
Body Condition Score 4.67 + 0.42 5.50 + 0.62

Data are expressed as counts for each categorical variable level and as means
with 95% confidence intervals for each continuous variable.

@ Of the three dogs that received “other analgesics”, one received tramadol in
addition to nonsteroidal analgesia, one received gabapentin and paracetamol in
addition to nonsteroidal analgesia, and one received tramadol only.

signs of osteoarthritis (stiffness, pain, slowing down during walks, dif-
ficulty jumping or climbing; see Table S1 in Supplementary Material).
Signalments of the dogs recruited are shown in Table 1. Participating
owners received a £ 10 gift card (John Lewis Partnership, London, UK)
following completion of the study. Sample size was based on that pre-
viously used in a similar study by Knazovicky et al. (2015) which
investigated the effects of NSAID-treated and placebo-treated osteoar-
thritic dogs on night-time accelerometry and SNoRE scores in a cross-
over design (N = 19).

2.2. Apparatus

The FitBark system (FitBark Inc., Kansas City, MO) consisted of an
electronic activity monitor (electronic accelerometry device, 3.9 cm *
2.8 cm*1.2 cm) attached to each dog’s collar, a smartphone app
allowing owners to upload their dog’s data, and an online database from
which each dog’s data were downloaded.

2.3. Procedure

A clinical examination including an orthopaedic examination of all
appendicular joints was performed to assign the dogs to the osteoar-
thritic or healthy control group. A clinical history was also taken from
the owner to determine any signs of osteoarthritis or potential signs of
other health problems. Since a single researcher was responsible for
clinical examinations and data analysis, it was not possible to blind
analysis with respect to group. Body condition score (BCS) was
measured on a scale from 1 to 9 (WSAVA Nutritional Assessment
Guidelines Task Force Members, 2011).

Owners received an instruction sheet detailing how to use and charge
the FitBark activity monitor and smartphone app, as well as four iden-
tical sets of questionnaires. Each of these contained the SNoRE as well as
two previously-validated clinical questionnaires designed to assess the
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severity of pain in dogs; the Helsinki Chronic Pain Index (HCPI), which
has a single outcome score (chronic pain score (range 0-44):
Hielm-Bjorkman et al., 2009) and the Canine Brief Pain Inventory
(CBPI), which has two validated outcome scores (CBPI Severity score
(range 0-10) and CBPI Interference score (range 0-10)) as well as a
single-question quality of life (CBPI QOL (range 0-4)) score (Brown
et al., 2007).

The CBPI and HCPI questionnaires were selected for this study over
alternative questionnaires relating to chronic pain in dogs for two main
reasons. Firstly, they were used by Knazovicky et al. (2015), allowing
findings from this study to be easily compared with theirs. Furthermore,
both questionnaires have been extensively validated. Both were
formulated via discussion between veterinary professionals and dog
owners followed by removal of questions with low inter-item correla-
tions or no difference between osteoarthritic and control dogs, giving
good face and content validity (Brown et al., 2007; Hielm-Bjorkman
et al., 2003). They also have good criterion validity, being correlated
with existing measures of lameness and quality of life (Brown et al.,
2007, 2009; Hielm-Bjorkman et al., 2009), and construct validity, with
PCA being performed to identify constructs measured and significant
differences in scores between healthy and osteoarthritic dogs (Brown
et al., 2007, 2009; Hielm-Bjorkman et al., 2003). They also have high
internal consistency and repeatability scores (Brown et al., 2009; Hielm
Bjorkman et al., 2009) and have shown significant responsiveness to
carprofen analgesia (Brown et al., 2008; Hielm-Bjorkman et al., 2009).
The main drawback of the HCPI is that the English translation has not
itself been validated and the translation from Finnish is slightly stilted,
which may affect owners’ responses. This is not an issue for the CBPI
which was originally written and validated in English.

Each set of questionnaires was marked with the day of the study that
they were to be completed (7, 14, 21 and 28), where the system was
initially set up on day 0. Owners also received a sleep diary sheet in
which they recorded the times at which they went to bed at night and got
up in the morning each day over the course of the 28-day study period.
Owners were able to record on the sheet any events that may have
affected the dog’s activity or rest on a particular day.

2.4. Data preparation

Dogs wore the activity monitors 24 h per day except when they
needed charging which was always done during daytime hours. Raw
activity results for each minute from the 28-day study period were
downloaded from the FitBark website’s online database for each dog.
These consisted of the date and time of each recording along with a
recorded activity value. Proprietary algorithms provided by FitBark
were used to determine whether the dog was in a state of “rest”, “ac-
tivity” or “play” (high-intensity activity) for each minute recorded.
Because this study focused predominantly on the distinction between
rest and activity, and because it was difficult to determine what “play”
recordings truly represented, “play” and “activity” were combined into a
single category such that for each minute a dog was either at “rest” or
“activity”.

The true night-time period was calculated for each dog as the period
between one hour after the owner’s reported mean bedtime and one
hour before the owner’s mean getting up time, following Knazovicky
et al. (2015). The range was 296-461 min. For each minute of data
recorded for each dog, the following values were entered: The day
(0-28) and week (1-4) of the recording, whether the recording was
made during the daytime or night-time period, and whether the dog was
resting or active (according to the algorithm provided). From this the
proportion of the night-time period that was spent resting was calculated
for each day of the study for each dog. Questionnaire scores (SNoRE,
HCPI and CBPI) were calculated for each week for each dog from owner
questionnaire responses. SNoRE and HCPI scores were calculated as the
sum of all individual question scores for each dog in each week. CBPI
Pain Severity Score was calculated as the mean of individual question
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scores for CBPI questions 1-4, and CBPI Pain Interference Score was
calculated as the mean of individual question scores for CBPI questions
5-10 for each dog in each week.

2.5. Statistical analysis

Differences in age, body condition score and questionnaire scores
(HCPI Score, CBPI Severity Score, CBPI Interference Score and CBPI
Quality of Life (QOL) score) between groups were investigated using
Mann-Whitney U-tests. Holm-Bonferroni corrections (Holm, 1979) to
the p-value thresholds for significance («) were performed to account for
multiple testing.

Due to non-normality of residuals and a large number of outliers,
both outcomes (proportion of night-time period spent resting and SNoRE
score) were analysed via robust mixed effects linear models, using the
“rlmer()” function from the “robustlmm” package (Koller, 2016) in R (R
Core Team, 2014). This is a modified version of the “Imer()” function
from the package “lme4” (Bates et al., 2015), which increases robustness
to non-normality and the presence of outliers at the expense of decreased
asymptotic efficiency (Koller, 2016) (a measure of model quality related
to the variance associated with parameter estimation) (Everitt and
Skrondal, 2002; pp. 24 and 149).

Univariable models are commonly performed to select factors for
inclusion in a final model (for example: Alves et al., 2002; Bogaert et al.,
2005; Kooby et al., 2003). Because in this study, the interaction of each
factor with group was as important as the main effects, and adding only
the main effects to each initial model may cause the omission of a factor
with a significant interaction with group from the final model, each
initial model included not only the factor of interest but also group and
the interaction between each factor and group as fixed effects (see
Tables S2 and S3 in Supplementary Material). “Dog” and “week” were
included as random effects. Initial models were performed for two
outcome variables; proportion of the night spent resting and SNoRE
score.

All fixed effects where p < 0.1 in initial models were selected for
addition to the final model for each outcome variable, as using a stricter
threshold of p < 0.05 often leads to omission of factors that would be
significant in the final model (Bursac et al., 2008). Where multiple
continuous variables were to be added to the final model, Pearson cor-
relation tests were performed to assess whether these were significantly
(p < 0.05) correlated with each other prior to inclusion. If so, the var-
iable with the lowest p-value in the initial model was selected for
addition to the final model, and the factors it significantly correlated
with were omitted, in order to reduce the risk of collinearity (Dormann
et al., 2013).

Although the focus of this study was on sleep-related behaviour at
night, we also investigated whether control and osteoarthritic dogs
differed in the proportions of time that they spent resting during the day
(i.e. all times not in the night period), and whether this was correlated
with night-time resting behaviour.

Results are given as test statistics with degrees of freedom (where
appropriate), p-values, and a-values where these have been adjusted to
account for multiple testing. R values are included for correlational tests.

3. Results
3.1. Signalments and questionnaire scores

The signalments of recruited dogs are summarised in Table 1. Oste-
oarthritic dogs had significantly higher HCPI, CBPI Severity and CBPI
Interference scores than control dogs, but no differences were detected
for age, body condition score or CBPI QOL score (Table 2; Fig. 1).

3.2. Proportion of night period spent resting

Results of initial screening models are shown in Table S2 (see
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Table 2
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Comparisons between osteoarthritis and control groups for clinical questionnaire outcome scores and signalment variables (age and body condition score), with Holm-

Bonferroni-adjusted a-values.

Variable Mann-Whitney U-Statistic p-value p-value rank Holm-Bonferroni a-value Significant following Bonferroni-Holm correction?
CBPI Interference score 34 5.07 * 10°° 1 0.00833 Yes
CBPI Severity score 42.5 1.12*10° 2 0.01 Yes
HCPI score 60 9.45 * 10° 3 0.0125 Yes
Body Condition Score 132 0.03255 4 0.0167 No
CBPI QOL score 247 0.04302 5 - No
Age 206.5 0.9359 6 - No
0.94
*
r 1
CBPI QOL q 0.92
. e j=2]
=4 S
E % 0.90
g il £
8 CBPI Interference | ]* T 0.881 .V e
® Group g_
= B Control @ .36
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‘s 0.80
c
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g' 0.76
Fig. 1. Box plots showing the differences in questionnaire outcome scores be- S
tween groups. Asterisks indicate a significant difference (p < 0.05) between 0.741
groups. Boxplots show medians with interquartile ranges. Whiskers represent
R s . . 0.72
the highest .and low.est values w1tb1n 1.5 interquartile range.s of ﬂ.le upper or Control Osteoarthritis
lower quartile. Outliers beyond this range are represented with points. Group

Supplementary Material). Since only Group was significant at the
p < 0.1 threshold, the final model contained only Group as a fixed effect.
The results of the final model are shown in Table 3. Dogs with chronic
pain from osteoarthritis spent significantly (p < 0.05) lower proportions
of the night period resting compared to healthy control dogs, as shown
in Fig. 2.

3.3. Relationship between night-time and daytime resting behaviour

Proportion of the daytime spent resting did not differ between con-
trol and osteoarthritic dogs (p = —0.00457 + 0.00308, z = 0.55,
p = 0.550). A weak positive (Spearman) correlation was found between
average proportion of time spent resting during the day and night
(rho=0.391, p = 0.04), suggesting that some dogs are more generally
active than others.

3.4. SNORE score

Independent variables that had a significant effect on SNoRE score in
initial models (p < 0.1) were HCPI score, CBPI Severity score, CBPI
Interference score, CBPI QOL score and the interaction between group

Table 3
Results of final model for which the outcome was proportion of the night period
spent resting.

95% confidence limits

Variable Beta estimate Lower Upper z-value p-value
Group

Control Ref.

Osteoarthritis 0.9760 0.9540 0.9970 2.2140 0.0268

Fig. 2. The proportion of the night-time period spent resting for osteoarthritic
and healthy control dogs. Asterisks indicate a significant difference (p < 0.05)
between groups. Values are shown as means with 95% confidence intervals.
Crosses indicate mean values for each individual dog (with horizontal jitter
applied for improved visualisation of individual points).

and HCPI score, as shown in Table S3 (see Supplementary Material).
However, all of these variables were significantly correlated, as shown in
Table S4 (see Supplementary Material). Therefore, HCPI score was
selected for addition to the model because it had the lowest p-value
associated with its effect on SNoRE score. The final model therefore
contained HCPI score as well as group and the interaction between HCPI
score and group (as this was significant at the p < 0.1 threshold in the
initial model) as fixed effects. The results of this model are shown in
Table 4. There was no significant effect of group on SNoRE score overall,
however the effects of HCPI score and the interaction between HCPI
score by group interaction were statistically significant. For both groups,
higher HCPI scores were associated with higher SNoRE scores (more
night-time restlessness and poorer sleep). However, the magnitude of
this relationship was greater for control dogs than for osteoarthritic

Table 4
Results of final model for which the outcome was SNoRE score.

95% Confidence

Limits

Main and interaction =~ Beta Lower Upper z-value p-
effects estimate value
Control Ref.
Osteoarthritis 16.0958 0.0740  3503.1130 -1.0117  0.3117
HCPI score 1.1512 1.0717 1.2365 -3.8564 0.0001
HCPI score*Group 0.9008 0.8169 0.9933  2.0944 0.0362

Interaction

Ref. = reference category. P-values indicating significance at o = 0.1 are shown
in bold.

Ref. = reference category. P-values indicating significance at « = 0.1 are shown
in bold.
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dogs, as shown in Fig. 3.
4. Discussion

The significantly higher HCPI, CBPI Severity and CBPI Interference
scores of osteoarthritic compared to control dogs suggest that osteoar-
thritic dogs were experiencing more pain and had more mobility
impairment than control dogs, as expected. This indicates that the
clinical examination used was successfully able to differentiate osteo-
arthritic and healthy control dogs.

According to actigraphy, osteoarthritic dogs spent a lower propor-
tion of the night period resting than control dogs, suggesting that they
spent less time asleep during the night. This is consistent with findings
that human osteoarthritis patients report impaired sleep (Power et al.,
2005; Taylor-Gjevre et al., 2011; Wilcox et al., 2000), and the findings of
Fielden et al. (2003) that human osteoarthritic patients displayed
significantly improved actigraphic measures of sleep following total hip
replacement, indicating that osteoarthritis-related pain was the cause of
their poorer sleep prior to surgery. Whilst Leigh et al. (1988) found no
significant differences in actigraphic measurements between human
osteoarthritic patients and healthy control volunteers, they did observe
a non-significant trend for osteoarthritic participants to move around
more during the night than control participants (Leigh et al., 1988). Ina
recent study of horses classified according to their lameness and inferred
orthopaedic disease status, there was also no apparent relationship be-
tween (automated recordings of) daily recumbency times and lameness
(Kelemen et al., 2021). On the other hand, a small study of eight
video-recorded hospitalised horses indicated that animals with more
severe osteoarthritis spent less time in lateral recumbency than those
with milder disease (Oliveira et al., 2022). Because this is the first study
to compare actigraphic measures of sleep in dogs with osteoarthritis to
those without, our findings should be considered exploratory. Further
research is warranted to confirm these effects are generalisable to the
wider population of companion animal dogs.

There was no significant effect of group on SNoRE score, suggesting
that osteoarthritis may not impair dogs’ sleep quality as perceived by
their owners. It is also possible that the sample size in this study may
have been insufficient to detect an effect. However, a sample size
calculation based on mean (sd) SNoRE scores for osteoarthritic (20.13
(8.2)) and control dogs (18.14 (8.7)) indicated that future studies would
require a sample of ¢.280 dogs per group to detect a significant differ-
ence (t-test, p < 0.05 with 0.8 power) based on the small SNoRE score
effect size observed here. The significant effect of HCPI score may
indicate that dogs that experienced more severe pain due to osteoar-
thritis had impaired sleep quality. However, this effect was not evenly

50

451 A
407
351 . 5
[ .
5 301 . *
3 Group
w25 E Control
x f==] osteoarthritis
z
7

n
(=)

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
HCPI Score

Fig. 3. The HCPI and SNoRE scores of dogs in each group. Points represent
mean observed values for each dog. Lines represent scores predicted by the
model, with shaded areas representing interquartile ranges for model estimates.
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observed - HCPI score had a greater effect on SNoRE scores of control
dogs than osteoarthritic dogs. This could potentially be because the
subset of control dogs with elevated HCPI scores may have had another
undiagnosed pain-causing condition that affected their sleep quality
more than osteoarthritis did in the osteoarthritic dogs, potentially
masking an effect of osteoarthritis on sleep quality. Alternatively, it is
possible that owners of dogs with elevated scores in both the HCPI and
SNoRE questionnaires may have had a tendency to perceive their dogs’
behaviour more negatively than other owners, and thus tended to give
higher scores on both questionnaires.

Our findings contrast with those of Knazovicky et al. (2015) that
meloxicam analgesia significantly improved SNoRE scores, but not an
actigraphic measure of sleep (total night-time activity), in dogs with
osteoarthritis. There are several potential reasons for this. Different
devices and algorithms were used, which are known to cause differences
in actigraphic measures of sleep in humans (Paquet et al., 2007).
Recruitment criteria were different; in particular the present study had
no requirement for dogs to exhibit radiographic signs of osteoarthritis.
Since radiographic signs of osteoarthritis are not always closely associ-
ated with clinical severity (Gordon et al., 2003; Hielm-Bjorkman et al.,
2003), it was considered that radiography would have been unneces-
sarily invasive, require owners to visit the veterinary hospital, and
would introduce unnecessary anaesthetic risks.

The present study also did not exclude dogs receiving analgesic
treatment, in order to avoid biasing recruitment such that dogs with
more severe pain from osteoarthritis that required analgesic treatment
would have been excluded from the study and dogs with less severe pain
from osteoarthritis that did not require analgesic treatment would not.
Other than analgesics, one female dog with osteoarthritis was receiving
Estriol for urinary incontinence and one control dog received pheno-
barbitone during the study period. The latter could potentially have
affected this dog’s behaviour but he had the seventh lowest mean pro-
portion of time spent resting during the night and the joint sixth lowest
mean SNoRE score in the control group (21 dogs), suggesting that his
night time resting behaviour was not markedly different from the other
control dogs.

The actigraphic outcome measures recorded were also different (the
present study used mean proportions of night-time spent resting whereas
Knazovicky et al., 2015 used mean activity counts per minute over the
night-time period), which may be affected differently by
osteoarthritis-related pain, since the night-time duration may have
varied between individual dogs. It is also possible that meloxicam
analgesia improves sleep in osteoarthritic dogs via alternative mecha-
nisms than simply reducing the effects of osteoarthritis on sleep, and
thus the differences in various measures of sleep between
placebo-treated osteoarthritic dogs and meloxicam-treated osteoar-
thritic dogs may not directly reflect the differences between osteoar-
thritic and healthy control dogs. Additionally, intensity or duration of
activity during the preceding day may have affected subsequent
night-time activity, and we observed a weak positive relationship be-
tween the two suggesting that some dogs were more generally active
across a day.

It is likely that owners were not regularly present in the same room as
the dog whilst the dog was sleeping, and so may have guessed the an-
swers to the SNoRE or based these on the dog’s resting behaviour during
the day. This is also possible in the study performed by Knazovicky et al.
(2015) as dog or owner sleeping locations were not described in the
inclusion criteria. Furthermore, presence or absence of the owner in the
same room could have affected the dogs’ sleep. In our study we know
that all dogs slept indoors and, through informal communications dur-
ing data collection, that the majority slept in different rooms to their
owners, but we do not have quantitative data on the latter point. Whilst
there is some conflicting evidence on how the presence of dogs can affect
human sleep (Brown et al., 2018; Patel et al., 2017; Smith et al., 2018), it
is currently unknown whether and how the presence of humans in-
fluences canine sleep.
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Whilst it was possible to blind owners as to whether their dog
received placebo or nonsteroidal treatment in the study performed by
Knazovicky et al. (2015), it is less easy to thoroughly blind owners as to
whether their dogs had clinical signs of osteoarthritis, as most owners of
osteoarthritic dogs were already aware of osteoarthritis-induced
behavioural changes and described them within the dog’s clinical his-
tory. However, it would be expected that the effects of owner perception
would have caused an increased difference in SNoRE scores between
osteoarthritic and control dogs, rather than preventing such a difference
from being found. Additionally, because the SNoRE score has yet to be
thoroughly validated, it is possible that it was unable to detect differ-
ences in night-time restlessness between osteoarthritic and control dogs,
despite being able to detect differences between placebo-treated and
NSAID-treated osteoarthritic dogs in Knazovicky et al.’s (2015) study.

These caveats and the small treatment effect size on SNoRE score
observed here compared to our actigraphic findings suggest that SNoRE
should be used with caution prior to further validation, especially when
owners have little information on their dog’s behaviour at night.
Furthermore, future studies should address a limitation of this study and
that of Knazovicky et al. (2015) by recording where dogs sleep and
whether owners are present, and controlling for these factors in statis-
tical analyses.

A further study limitation is that the researcher evaluating osteoar-
thritis (MS) also carried out the statistical analysis and was not blind to
treatment group identities. Questionnaire results were entered by
another researcher, but it was not possible for multiple veterinary staff
to go on home visits to collect osteoarthritis information independently
to MS. This would have been more feasible had the study been per-
formed on-site at Bristol Veterinary School, but this may have affected
dog behaviour during clinical examination and, from previous experi-
ence, would likely have impeded owner recruitment.

The actigraphic findings from this study suggest that dogs with
osteoarthritis may experience impaired sleep, as seen in human patients
with osteoarthritis (Power et al., 2005; Taylor-Gjevre et al., 2011; Wil-
cox et al., 2000) and other chronic pain conditions (Nicassio and Wall-
ston, 1992; Riley et al., 2001). This could potentially be a welfare
concern because sleep disturbance is thought to exacerbate pain severity
in human chronic pain patients (Affleck et al., 1996; Morin et al., 1998),
therefore impaired sleep may also cause increased pain severity in
osteoarthritic dogs. It is not yet known whether the relatively small in-
creases in night-time activity observed in this study represent suffi-
ciently impaired sleep to exacerbate dogs’ pain, but due to the potential
welfare impacts this is worthy of future investigation.

Impaired sleep is also associated with impaired working memory in
humans (Chee and Choo, 2004; Steenari et al., 2003), therefore sleep
impairments may affect the ability of dogs with osteoarthritis to solve
problems or navigate around their environment, which could alter their
ability to respond to training and to engage with the environment when
walking with owners. In line with these suggestions, recent dog studies
show that memory improvements in command learning tasks are related
to EEG spectral features and spindle density during pre-test sleep periods
(Kis et al., 2017; Iotchev et al., 2017, 2020a), and that EEG sleep spindle
frequency characteristics of individual dogs are associated with their
reversal learning ability (Iotchev et al., 2020b). These findings suggest
that, as in humans, there are links between sleep and cognitive perfor-
mance in dogs and therefore that disrupted sleep may indeed have
detrimental effects on dog learning and memory.

Furthermore, since sleep disturbance in human chronic pain condi-
tions is often preceded by increased pain severity (Drewes et al., 2000;
Nicassio and Wallston, 1992; Riley et al., 2001), sleep disturbance in
canine osteoarthritis may also reflect increased pain and hence be useful
as a welfare indicator. Because of these potential implications, further
research is needed to confirm whether the findings of this study are
generalisable to the wider canine population.
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5. Conclusions

Osteoarthritic dogs in this study spent less time resting during the
night than healthy control dogs, but did not have significantly different
SNORE scores. This suggests that dogs with osteoarthritis may spend less
time sleeping during the night than control dogs and may experience
impaired sleep similar to that reported in human osteoarthritis patients,
and with potentially negative implications for their welfare.
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