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Abstract

Background: A number of specific synthetic pheromones have been com-
mercially available for many years and used to help modify different problem
behaviours exhibited by companion animals. Recently, a new synthetic feline
pheromone complex has been patented and made available commercially.
Objectives: This study was designed as an initial open-label uncontrolled trial
to evaluate the potential impact of the new synthetic pheromone complex on
a range of different problem behaviours in pet cats. Methods: 150 owned pet
cats from either one-cat (n = 66) or two-cat (n = 84) households that had one
or more of four defined problem behaviours (urine spraying, n = 31; scrat-
ching furnishings, n = 113; fear, n = 63; or inter-cat conflict, n = 25), were re-
cruited to a 28-day study of a new plug-in diffuser containing the novel feline
pheromone complex. Results: By day 28, significant (P values < 0.01) im-
provements were seen in both the frequency and intensity of all four problem
behaviours, as assessed by the owners using blinded questionnaires. A reduc-
tion in the frequency of individual problem behaviours was reported by
69.8% - 77.4% of owners and a reduction in the intensity of the problem by
64.0% - 74.2%. Conclusions: The results of this study support the concept
that the new feline pheromone complex may have the ability to address mul-
tiple problem behaviours. Nevertheless, further controlled studies will be ne-
cessary and important to both confirm, and to fully assess the clinical efficacy
of the product.
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1. Introduction

Feline problem behaviours are behaviours that are generally considered normal
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for the cat, but become a problem for the owner or person who lives with the cat
[1], and modern lifestyles (including keeping cats primarily or exclusively in-
doors) may be one of the reasons that problem behaviours occur [2]. Common
feline problem behaviours reported in the literature include anxiety/fears, ag-
gression towards other cats or humans, inappropriate elimination, furniture
scratching, vocalisation, compulsive behaviours, pica, overactivity and hunting
[1]-[7]. The prevalence of different problem behaviours varies between study
populations and methodologies [2], and the reasons for the problem behaviours
are also diverse. Control of problem behaviours requires careful evaluation of
the cat, its background and environment, along with an integrated approach to
management that often includes the use of synthetic pheromones [4] [8] [9].

Mammalian pheromones are semiochemicals detected primarily by the vo-
meronasal organ (VNO) through specialised receptors, and they induce innate
behavioural responses which are generally employed for intra-species commu-
nication. Pheromones may communicate a variety of physiological and beha-
vioural states such as sexual receptiveness, fear, alarm, safety, appeasement and
territorial marking, and serve as cues to trigger behaviour in conspecifics [10]
[11] [12] [13]. The diversity of VNO receptors varies greatly between species [14]
[15] [16] [17], and cats have an appreciably larger VNO receptor repertoire com-
pared with dogs, suggesting they have a greater reliance on pheromone-mediated
communication [18].

A number of patented synthetic pheromones have been developed for use in
cats including a feline facial pheromone (FFP, specifically the F3 FFP fraction
which is thought to be deposited in the environment during facial rubbing of
objects and convey a sense of security and reduced stress), a cat appeasing phe-
romone (CAP—released by the queen during nursing and thought to enhance
inter-cat bond formation and security), and a feline interdigital semiochemical
(FIS—thought to be deposited on objects during environmental scratching be-
haviour) [9] [11] [19]. Since 1996, various commercial products have become
available (respectively FELIWAY® Classic, FELIWAY® Friends, and Feliscratch®,
Ceva Santé Animale) based on these synthetic pheromones, and have been suc-
cessfully used as an aid to managing stress (e.g., anxiety or frustration), in-
tra-species conflict, and other undesirable behavioural problems [9] [11] [19].

Recently, the same group that developed the synthetic feline (and canine) phe-
romones evaluated feline VNO receptor binding sites for pheromones through
computational modeling [20], and as a result, have patented a new complex of
synthetic pheromone molecules designed to address a broader range of beha-
vioural modifications with a single product. The novel complex is a mix of spe-
cific synthetic pheromone molecules at a specific ratio, chosen for their high af-
finity for VNO VRI1 receptors via in silico binding studies. [20] This new com-
plex is now available as a proprietary plug-in diffuser (FELIWAY® Optimum,
Ceva Santé Animale) [21].

The current study was designed as a preliminary evaluation of the new com-

mercial product (FELIWAY® Optimum, Ceva Santé Animale) in a substantial
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number of owned cats in the USA exhibiting one or more of four common de-
fined problem behaviours, as an open-label initial study to explore the product’s
efficacy.

2. Methods
2.1. Study Population

The study population was derived from a proprietary database of cat owners liv-

ing in the USA. Inclusion criteria were that the owner had to have either one or

two cats living in the house, both between 6 months and 12 years of age, and at
least one cat had to be exhibiting at least one of four specified problem beha-
viours:

e Problem urination (defined as urinating away from the litter box indoors
while in a standing position and against a vertical surface—this definition
was chosen to minimise the likelihood of confusion between behavioural
urine marking and periuria associated with lower urinary tract disease [22]
[23]);

® Problem scratching (defined as scratching vertical surfaces indoors, other
than scratching posts, such as sofas, carpets, and curtains);

® Problem fear (defined as fearful behaviour such as hiding in response to visi-
tors, unusual or loud noises, unusual situations, etc.);

® Problem inter-cat conflict (defined as signs of conflict, fighting, intimidation
between cats when indoors and when there were two cats in the household).

Additional inclusion criteria were that there had to be a minimum of one lit-
terbox and one scratching post per cat in the house. Cats and households were
excluded if:

e any pheromones or other calming products (including nutraceuticals) had
been used within the preceding 6 months;

e there was any current veterinary diagnosed medical problem(s) with the
cat(s);

e one or both cats had stayed away from the home (for any length of time)
within the previous 15 days, and;

e the owner anticipated being away from home for more than 2 days during
the study period.

The aim was to recruit a minimum of 150 cats into the study.

2.2. Study Design

Owners were asked to complete an on-line questionnaire which included details
of the cat(s) and questions to confirm eligibility. Specific information about the
problem behaviour(s) was obtained (day 0) comprising:

1) The duration of the problem behavior.

2) The frequency of the problem behaviour assigned as to a 7-point numerical
scale as: a) Less than once a week; b) Once a week; c) Twice a week; d) Every two

days; e) Almost every day; f) Once or twice daily, OR; g) Several times daily.
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3) The perceived intensity (or severity) of the problem, evaluated on a visual
analogue scale (VAS) from 0 (extremely low) to 10 (extremely high).

4) The owner was asked to respond to the statements a) “I am concerned
about the impact of the specific problem behaviour on my home” and b) “I am
concerned about my cat’s own wellbeing based on their habits”, with a 6-point
numerical scale scored from 1 “strongly disagree” with the statement, to 6 “strongly
agree”.

Owners were asked to plug a pheromone diffuser (FELIWAY Optimum) di-
rectly into a wall socket in the room in the house where their cat(s) spent the
largest amount of time and to keep it on throughout the 28-day study period.
Only one room was allowed in each house and a green LED indicator light was
incorporated into the diffuser to confirm it was working. Owners were not asked
to make any other changes to their routines or their care of the cat(s).

After 7 and 28 days, owners were asked to complete a repeat on-line ques-
tionnaire, designed to check whether the diffuser was still being used and func-
tioning properly, and to collect repeat information about the problem behaviours
using the same questions as day 0. Repeat questionnaires were performed blind
(owners did not have access to their previous answers), and any non-responders

were contacted directly to ensure completion of questionnaires.

2.3. Statistical Analysis

The primary endpoints of the study were the assessment of owner-reported fre-
quency and intensity of the problem behaviours at day 28 compared with day 0.
Secondary endpoints were evaluation of the concern of the owners about the
impact of the behaviour on their home and the cat’s wellbeing, and evaluation of
data collected at day 7 compared with day 0.

Data are reported as median values (along with the minimum, maximum and
inter-quartile ranges IQR). Comparison between time points (days 0, 7 and 28)
was performed with a Friedman Test, and where a significant difference was
found Dunn’s multiple comparisons test was used to identify which day(s) dif-
fered significantly from day 0. Differences in proportions of cats responding
(between a single cat and two-cat households) were assessed with a Chi-squared
or Fisher’s exact test as appropriate and differences in magnitude of responses
between these two groups were assessed with the Mann Whitney U test. A P
value of < 0.05 was considered significant.

3. Results

A total of 122 owners were recruited who met the inclusion and exclusion crite-
ria. Of these, data from 14 owners were excluded for the following reasons: the
power light on the diffuser turned off before day 26 or turned off intermittently
> 3 times during the study (n = 10), the owner did not like the smell (n = 2), was
concerned about potential risks (n = 1) or because the cat was behaving diffe-
rently (n = 1). Of the 108 households that completed the study, 42 owned two
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cats, and 66 owned a single cat, giving a total of 150 cats. No other problems
were reported except that eight owners reported that the power light turned off
on or after day 26 of the study, and nine reported that the power light had
turned off intermittently on one or two occasions during the study—data from
these cases were included in the analysis.

The median age of the 150 cats was 3 years old (range 0.5 - 12, IQR 2 - 5).
Their median weight was 4.5 kg (range 1 - 15 kg, IQR 4.1 - 6.4 kg). There were
91 mixed breed (including domestic shorthair and domestic longhair) cats, 9
where the breed was unknown or unstated, and 50 pedigree cats (comprising 20
American shorthair, 13 Siamese, 4 Persian, 3 Bombay, 3 Burmese, 3 Russian
Blue, 2 Maine Coon and each of Havana, Singapura and Ragdoll). There were 91
males and 59 females, 51 (86%) of the females were neutered, but due to a data-
base error, the number of neutered males was not available.

Of the 150 cats, 145 exhibited one or more of the four problem behaviours
(there were 5 cats living in two-cat homes where their housemate exhibited un-
wanted behaviour, but they did not). Of the 145 cats with problem behaviours,
75 exhibited a single problem behaviour, 53 exhibited two and 17 exhibited
three. Overall, there were 31 cats with problem urination, 63 with fear, 113 with
scratching and 25 with inter-cat conflict. Where reported, the median duration
of problem behaviours was 12 months for problem urination (range 1 - 84, IQR
5 - 24, n = 28); 12 months for scratching (range 1 - 120, IQR 6 - 36, n = 92); 24
months for fear (range 1 - 120, IQR 11 - 36, n = 48); and 24 months for inter-cat
conflict (range 3 - 120, IQR 12 - 48, n = 21).

Summary data for the four problem behaviours are shown in Table 1 and
Figure 1. As can be seen, a significant (P < 0.01) improvement in all primary
end-point data (frequency and intensity of problem behaviours) was seen at day
28, with > 69.8% of cats showing improvement in the frequency and > 64.0%
improvement in the intensity of the problem. Additionally, a smaller improve-
ment was evident in all parameters at day 7 (a secondary end point), which was
significant in five of the eight parameters. With the exception of cats displaying
problem urination, there were also significant (P < 0.004) improvements in the
owner-perceived impact of the problem behaviours on day 28. Comparing the
data for problem fear, urination and scratching, there was no significant differ-
ence in the proportion of cats that improved or the magnitude of the response
(for either frequency or intensity of the problems) between cats in single-cat
households and those in two-cat households.

In addition to the data shown in Table 1, a simple overall “Index score” was
calculated for the four problem behaviours by multiplying values obtained for
the frequency and intensity scores. Median Index scores at days 0, 7 and 28 were:
33.5, 14.4 and 5.3 for problem urination; 38.5, 21.2, and 8.3 for problem scrat-
ching; 33.0, 20.4 and 8.5 for problem fear; and 42.7, 32.5, and 9.2 for problem
inter-cat conflict. The reductions in the Index scores at day 28 were all signifi-
cant compared with day 0 (P < 0.001) and were also significantly lower at day 7
(P < 0.005) with the exception of the inter-cat conflict.
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Figure 1. Box & Whisker plots showing median (range, IQR) of frequency (left) and intensity (right) of the
four problem behaviours during the study. (a) Problem urination; (b) Problem scratching; (c) Problem fear;
(d) Problem inter-cat conflict; * = significantly different from day 0; VAS = Visual analogue Scale.
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Table 1. Summary data for owner evaluation of four problem behaviours during the course of the study, showing median (range,
IQR) values for assessments.

% improved
Problem and evaluation Day 0 Day 7 Day 28 P* P
DO = D28
Problem urination (n = 31)
5.0 3.0 L0
P <0.001 77.4%
requenc 6.3- 7.1-5 71- b
Frequency” 2-6,3-6) (1-7,1-5) 1-7,1-3)
7.2 54 37
Intensity® P =0.001 74.2%
(0-10,6.0 - 8.5) (0.8-9.9,4.4-6.8) (0-10,2.0-6.0)
5.0 5.0 5.0
Impact on the house® P=0.43 41.9%
(1-6,4-6) (1-6,4-6) (1-6,3-6)
5.0 5.0 5.0
Impact on the cat® P=0.17 51.6%
(2-6,4-6) (1-6,4-6) (1-6,3-6)
Problem scratching (n = 113)
5.0 50 2.0
F P <0.001 73.5%
requency” (1-7,4-7) (1-7,2.5-6) (1-7,1-5) ?
7.6 57 4.8
Intensity” (0.6 -10,5.3 - 8.9) (0-10,3.8-6.9) (0-10,2.9-6.7) P<0.001 68.1%
5.0 5.0 4.0
Impact on the house® P <0.001 50.4%
(1-6,45-6) (1-6,4-6) (1-6,3-6)
5.0 4.0° 40
Impact on the cat* P <0.001 59.3%
(1-6,4-6) (1-6,3-6) (1-6,3-5)
Problem fear (n = 63)
5.0 4.0 3.0
F P <0.001 69.8%
requency’ (1-7,4-6) (1-7,2-5) 1-7,1-5) °
7.1 55 45
Intensity” P < 0.001 71.4%
(1.4 -10,5.1-8.3) (0-10,4.0 -7.2) (0-10,1.9 - 5.7)
5.0 4.0 3.0
Impact on the house* P <0.001 54.0%
(1-6,4-6) (1-6,3-6) (1-6,2-5)
4.0 4.0 200
Impact on the cat® P =0.004 47.6%
(1-6,4-6) (1-6,4-6) (1-6,2-5)
Problem inter-cat conflict (n = 25)
6.0 5.0 2.0
P <0.001 72.0%
requenc -7,5-7 -7,45- -7,1-5 0
Frequency a ) (1-7,45-6) (1-7,1-5)
7.6 6.3 47
Intensity” P =0.011 64.0%
(2.4-10,6.9-8.8) (2.8-9.8,4.5-7.4) (0-10,2.3-7.0)
5.0 4.0 4.0
Impact on the house® P =0.004 64.0%
(1-6,4-6) (1-6,3-6) (1-6,2-5)
5.0 5.0 4.0
Impact on the cat® P <0.001 64.0%
(3-6,4-6) (1-6,3.5-6) (1-6,2-5)

“Values for Frequency categorical on a scale of 1 - 7 (see text); "Values for Intensity continuous (visual analogue scale of 0 - 10, see text); “Values for impact
on house and cat categorical, scaled 1 - 6 (see text); *P values from Friedman test, Day 0 vs. Day 28; “Median value significantly different from day 0 using
Dunn’s post-test multiple comparison analysis.
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4. Discussion

This study, although involving a large number of cats, was only designed to pro-
vide initial data on the efficacy of a new synthetic pheromone complex. As such,
it was an open-label, uncontrolled study and the results, therefore, need to be
treated with appropriate caution. There was evidence of significant improve-
ment in both the frequency and intensity of all four problem behaviours. The
greater efficacy at day 28 is consistent with previously controlled studies of both
FFP and CAP that suggest the maximal effect of synthetic pheromones used in
diffusers may take a few weeks to achieve [24] [25]. While most of the cats in-
cluded in the current study had long-standing problem behaviours, and while
efforts were made to reduce reporting bias by blinding owners to the data they
had inputted on previous questionnaires, importantly this study contained no
control group and thus any placebo effect, which could be appreciable, cannot be
accounted for. This means that the results must be treated with appropriate cau-
tion, and future studies should include a control group to fully evaluate the effi-
cacy of the pheromone complex.

We evaluated four common problem behaviours in this study. Previous stu-
dies of synthetic CAP have focussed on the improvement of inter-cat conflict,
aggression and social tension [19] [24], while studies of synthetic FFP have sug-
gested positive effects on various stress-related behaviours such as problem uri-
nation [25] [26] [27] [28], scratching within the home [29], and environmen-
tal-induced stress [30] [31]. The results of the current study, with significant
improvements in all four problem behaviours, suggest that the new pheromone
complex may indeed positively influence a broader range of problem behaviours
than has been achieved with previous products, but again, further controlled
studies are needed to confirm efficacy. The secondary outcomes of owner-perceived
impact of the problem behaviours on their house and on the wellbeing of their
cats were designed to collect qualitative rather than quantitative data. Interes-
tingly, these outcomes also all showed significantly improved scores at day 28,
with the exception of scores relating to problem urination (where improvements
did not reach significance). The lack of significant improvement with problem
urination may perhaps be explained by the fact that persistent inappropriate
urination in the house, albeit at a reduced frequency/severity, is still likely to be
perceived as a serious problem for owners and may also reflect the relatively
small number of cats with problem urination.

Quantifying either the frequency or severity of behavioural problems in the
home setting is inherently problematic. Both rely on owner observations and
perceptions which may readily vary between individual owners. However, these
limitations can be mitigated (at least to some extent) by conducting longitudinal
studies (as in this case) where responses to an intervention are reported by the
same owners over time, and by using a large number of subjects. We evaluated
an “Index score” by combining (multiplying) results of the frequency and inten-

sity scores in an attempt to provide a single score that took into account both
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these factors. While this is an attractive way to quantify the problem, in our
study owners were not specifically asked to ignore the frequency of the problem
when they were scoring the intensity, which may have conflated the results, so
the Index score should be interpreted with caution and this should be addressed
in future studies.

The absence of methods to directly and objectively measure the biological ef-
fects of synthetic pheromones in companion animals means that, as in this
study, effects have to be inferred from changes seen in observed behaviours. Al-
though many published studies have shown significant benefits from the use of
synthetic pheromones (including a meta-analysis of studies on urine spraying
[28]), it should be noted that is not true of all publications, as highlighted in a
systematic review [32] (although the methodology in the systematic review may
itself have been flawed including incorrect data analyses and comparison, and
false assumptions that active ingredients other than synthetic pheromones were
included in studies of diffusers [33] [34]). Nevertheless, it would be surprising if
variable results were not found in publications as different studies have eva-
luated pheromones in different circumstances and situations and, however a
pheromone signal is perceived by an animal, there are many external factors that
might influence or even override any potential physiological and behavioural
responses induced. The use of synthetic pheromones as therapy for problem be-
haviours, unlike the current study, is therefore generally recommended only as
part of a wider integrated approach to behaviour management [8] [9] [19].

In summary, this open-label uncontrolled study suggested a significant influ-
ence of a new proprietary synthetic pheromone complex product on four com-
mon feline problem behaviours, indicating the product may possess broad beha-
viour-modifying properties. However, this can only be regarded as an initial
study and further evaluation of the product in a controlled clinical trial will be
needed and important to confirm its efficacy and quantify any placebo effect that

may play a role in apparent responses to intervention.
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