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Abstract

The aim of this cross-sectional study was to observe whether environmental factors and
phenotypic traits are associated with owner-reported skin problems and with veterinary
diagnosed canine atopic dermatitis (CAD). Data were collected using the validated online
DOGRISK questionnaire. Out of the data that the questionnaire provides for analysis, focus
was first turned towards addressing questions regarding ‘Atopy/allergy (skin symptoms)’
using a total of 8643 dogs: 1585 dogs with owner-reported allergic/atopic skin symptoms
and 7058 dogs without. A subsequent analysis compared dogs with veterinary-verified CAD
(n=322) as a case group against the 7058 dogs without owner-reported skin symptoms.
The association between 21 factors related to the environment, canine phenotypes and
breed groups within both populations were analysed using univariable and multivariable
logistic regression. The environmental factors that showed a significant inverse association
with the risk of owner-reported allergic/atopic skin symptoms were as following: whether the
dog was living in a detached house, whether there were other dogs in the household, and
whether the dog was born in the current household. Having over 50% white colour in the
coat and living in an extremely clean household were significantly associated with an
increased risk of owner-reported allergic/atopic skin symptoms. The five breeds demon-
strating the highest proportion of owner-reported allergic/atopic skin symptoms were West
Highland white terrier, Boxer, English bulldog, Dalmatian and French bulldog. The Fédéra-
tion Cynologique Internationale dog breed groups 3 (Terriers) and 6 (Scent hounds and
related breeds) showed a significantly higher risk for owner-reported allergic/atopic skin
symptoms than mixed breed dogs. In the second population, the inverse association was
observed between the risk of CAD and the presence of other dogs in the household, and
whether the dog had been born in the current household. The results indicate that some
environmental factors and canine phenotypes are associated with CAD and owner-reported
skin symptoms, but they still do not prove causality.
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Introduction

Canine atopic dermatitis (CAD) affects up to 10% of dogs [1] and it is described as a geneti-
cally predisposed inflammatory and pruritic dermatitis with characteristic features related to
IgE antibodies usually directed against environmental allergens [2]. Atopic dermatitis (AD) in
both humans and dogs is influenced by both genetic and environmental factors as the aetio-
pathogenesis is very complex [3, 4]. The prevalence of AD in humans has nearly tripled during
the past three decades in industrialized countries [5], and the trend seems to be similar in
dogs. The incidence of human atopy and asthma is much higher in Western countries and
urban areas [6-11] whereas living on a farm or even having regular contact with a farming
environment protects humans from atopic diseases [12-15]. Having animals in the household
may have a protective effect against the development of allergic diseases in humans, as has
been reported regarding both dogs [8, 16-20] and cats [16, 18, 21, 22]. Similar results were also
found in a canine study, where the presence of cats and/or other dogs in the household were
inversely associated with CAD [23]. A positive history of parental AD and allergies in humans
has been found to be associated with the risk of developing AD [17, 20, 24-28], which high-
lights the role of genetics along with environmental factors.

The clinical signs of CAD are typical but there are differential diagnoses that show similar
signs. Both owner-reported and veterinary-diagnosed skin symptoms are often related to
allergy, including CAD or adverse food reactions, and are often accompanied with a secondary
infection, mainly bacterial folliculitis associated with Staphylococcus pseudintermedius and
Malassezia dermatitis [29, 30]. But owner-reported and veterinary-diagnosed skin symptoms
can also be caused by e.g. parasites, behavioural or stress induced scratching and licking [31]
or even idiopathic seborrhoea or hypothyroidism or [32, 33]. In Finland we do not have canine
fleas but dogs are sometimes affected by fleas from wild mammals [34]. Demodex mites are a
more common reason for dermatitis [35]. Even when a veterinarian makes the diagnosis, it is
not always ascertained what was the primary cause of the skin symptoms.

The aim of this study was to find environmental factors and phenotype characteristics asso-
ciated with canine skin problems reported by the owner and with veterinary diagnosed CAD
in a Finnish dog population. The hypothesis was that the risk of allergic/atopic skin symptoms
and CAD are associated with environmental factors related to puppyhood, household, and
dog care-related conditions, in addition to dog characteristics.

Materials and methods

This was a cross-sectional epidemiological study based on the validated large scale internet-
based DOGRISK questionnaire for dog owners [36], which was released at the Faculty of Vet-
erinary Medicine of University of Helsinki in December 2009. It contains questions about
dogs’ diseases, living environment, and nutrition, with a generated excel data sheet of 1332 var-
iables. The questionnaire has been open for all Finnish dog owners. The questionnaire was
advertised widely throughout the country and it was not directed toward any special group of
owners. Flyers asking dog owners to complete the internet questionnaire were given to owners
through a Finnish dog food distribution car, at national and international dog shows, in dog
parks, animal clinics, and pet shops. Also, the questionnaire was advertised in different dog
magazines, in articles published in dog magazines, and on television. The DOGRISK question-
naire informs the dog owners’ that the results will be published in national and international
journals. By filling in the questionnaire they gave their consent to this. A separate statement
from the ethics committee was not needed for this kind of study in Finland (Ethical committee
decision 29.4.2016). As a part of the DOGRISK questionnaire reliability and validity testing
[36], a diagnosis-verifying follow-up questionnaire was sent out to 1551 owners that had
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answered that their dogs suffered from ‘Atopy/allergy (skin symptoms)’. The owners of 578
dogs answered to the follow-up questionnaire. The verified CAD patients were used as a sec-
ond population in this study.

Thereby we had two populations in this study. The DOGRISK questionnaire population is
referred to as the ‘owner-reported allergic/atopic skin symptoms’ population as the owners
here answered positively to a question that was given as ‘Does your dog suffer from atopy/
allergy (skin symptoms)’ (first case group, n = 1585). The second population was based on the
follow-up question, and included only dogs whose diagnosis of atopy was verified by a veteri-
narian (veterinary-verified CAD case group, n = 322). The control group for both populations
consisted of 7058 dogs with no owner-reported skin symptoms.

All 21 categorical variables used in this study are listed in Supporting information S1 Table.
In addition, age was used as a continuous variable. When the answer ‘I do not know/remem-
ber’ was available and selected by the owner, it was omitted from statistical analyses. In the
dichotomous questions, “Living with other dogs”, “Living with other animals” and “Born in
owner family”, which offered “yes” or “no” as options, the missing answer was interpreted as a
“no”.

The proportion of owner-reported allergic/atopic skin symptoms were calculated for the
top 20 dog breeds. Then, the risk of owner-reported allergic/atopic skin symptoms was com-
pared between dog breed groups according to the Fédération Cynologique Internationale
(FCI) [37] and mixed breed dogs using a univariable logistic regression model. The number of
cases vary for every analysed question, as answering them was not mandatory. Dogs with miss-
ing data were dropped out from their respective analysis.

Statistical analyses

First, a univariable logistic regression was run individually for each variable in order to deter-
mine its association with both the owner-reported skin-symptom status and the veterinary-
verified CAD. All risk factors that had a P < 0.2 and less than 1500 missing cases (less than
1500 owners had left the question unanswered) were included into the multivariable logistic
regression analysis using the enter method. P < 0.05 was here considered as statistically signifi-
cant. The quality of the fit of the final model was determined by the following criteria: a smaller
P-value in the Omnibus test of model coefficients, a larger value in the Hosmer and Lemeshow
test, and the closer the value to 100% in Nagelkerke’s R? [38].

The proportion of owner-reported allergic/atopic skin symptoms in this data was calculated
breed-specifically for each breed where there were over 40 answers. After that, all breeds were
categorized according to FCI breed groups and the risk of owner-reported allergic/atopic skin
symptoms was analysed in every group compared to the mixed-breed dogs using a univariable
logistic regression model. P < 0.05 was considered as statistically significant. All analyses were
performed using SPSS software (version 22, IBM SPSS Statistics. Chicago, Ill., USA)

Results

The five breeds that suffered most often from owner-reported allergic/atopic skin symptoms
as percentage within the breed were: 1. West Highland white terrier, 2. Boxer, 3. English bull-
dog, 4. Dalmatian, 5. French bulldog. The 20 breeds with the highest proportion of owner-
reported allergic/atopic skin symptoms from the DOGRISK data are shown in Table 1. When
compared to mixed breed dogs, the risk of owner-reported allergic/atopic skin symptoms
among the FCI breed groups was highest in group 3 (Terriers) and group 6 (Scent hounds and
related breeds), and lowest in group 5 (Spitz and primitive types) and group 10 (Sighthounds),
compared to mixed breed dogs. Results are shown in Table 2 and Fig 1.
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Table 1. Within breed percentage of dogs with skin symptoms in the 20 dog breeds with most owner-
reported allergic/atopic skin symptoms. Only breeds with more than 40 dogs were included in the table.

Breed N Owner-reported allergic/atopic skin
symptoms (% within the breed)
1. West Highland white terrier 67 41.8
2. Boxer 85 40.0
3. English bulldog 44 36.4
4, Dalmatian 55 34.5
5. French bulldog 71 33.8
6. Staffordshire bull terrier 139 324
7. Parson Russell terrier 74 32.4
8. German shepherd 520 31.3
9. English springer spaniel 52 30.8
10. American Staffordshire terrier 53 30.2
11. Welsh springer spaniel 45 28.9
12. Great Dane 79 25.3
13. Miniature Pinscher 90 23.3
14. Labrador retriever 293 21.5
15. Jack Russel terrier 121 21.5
16. Newfoundland 53 20.8
17. Lagotto Romagnolo 45 20.0
18. Flat-coated retriever 67 19.4
19. Standard poodle 62 19.4
20. Doberman Pinscher 80 18.8

https://doi.org/10.1371/journal.pone.0178771.t001

Regression analysis of environmental and phenotype related factors

The mean age of dogs with owner-reported allergic/atopic skin symptoms was 4.5 years (SD+
3.05) and dogs without owner-reported allergic/atopic skin symptoms 4.0 years (SD=+ 3.26).
Distributions of all the categorical variables for the larger population of the DOGRISK cases
and controls are given in Supporting information S1 Table. The percentage of owner-reported
allergic/atopic skin symptoms in the entire dataset was 18.3%. In the univariable analyses, 14
of the 21 variables showed a statistically significant association with owner-reported allergic/

Table 2. Results of univariable logistic regression analysis of owner-reported allergic/atopic skin symptoms in the DOGRISK questionnaire data
in FCI breed groups compared to mixed breed dogs (n = 8501).

FCl breed group Group name P-value OR 95% CI

1 Sheepdogs and Cattledogs (exp. Swiss Cattledogs) 0.918 1.01 0.83-1.23
2 Pinscher and Schnauzer—Molossoid and Swiss Mountain and Cattledogs 0.063 1.21 0.99-1.49
3 Terriers <0.001 1.64 1.32-2.03
4 Dachshunds 0.368 0.81 0.51-1.29
5 Spitz and primitive types 0.007 0.71 0.56-0.91
6 Scent hounds and related breeds 0.004 1.68 1.18-2.29
7 Pointing Dogs 0.732 0.93 0.61-1.41
8 Retrievers—Flushing Dogs—Water Dogs 0.437 1.09 0.88-1.35
9 Companion and Toy Dogs 0.804 1.03 0.81-1.31
10 Sighthounds 0.007 0.53 0.33-0.84

FCI, Fédération Cynologique Internationale; OR, odds ratio; Cl, confidence interval. Bolded, P < 0.05.

https://doi.org/10.1371/journal.pone.0178771.t1002
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Fig 1. Percentage of atopic/allergic and healthy dogs divided by FCI dog breed groups 1-10 and by a
mixed breed group. 1 = Sheepdogs and cattledogs (except Swiss cattledog), 2 = Pinscher and Schnauzer—
Molossoid and Swiss Mountain and cattledogs, 3 = Terriers, 4 = Dachshunds, 5 = Spitz and primitive types,

6 = Scent hounds and related breeds, 7 = Pointing dogs, 8 = Retrievers—Flushing dogs—Water dogs,

9 = Companion and toy dogs, 10 = Sighthounds, and 11 = Mixed breeds.

https://doi.org/10.1371/journal.pone.0178771.9001

atopic skin symptoms (Table 3). All variables were tested for bivariate correlation with each
other. All the observed correlations were small (< 0.33) or moderate (0.41 between the heating
system and the type of the house, and 0.60 between the yard and the type of the house). The
proportion of owner reported maternal history of atopic/allergic skin symptoms was 13.4% in
the case group and 2.6% in the control group (S1 Table).

Ten categorical risk factor candidates that presented P < 0.2 and less than 1500 missing
cases were included in the multivariable logistic regression analysis (Table 4). These were the
season of birth, the use of a wood-fired heating system, the type of house the dog was living
in at the time, whether the household was extremely clean, gender, over 50% white colour in
the coat, if the dog was born in owner family, if the dog is living with other dogs, if the dog is
living with other animals, and if the dog has an outside kennel/yard. In addition, age and FCI
breed groups (including mixed-breed dogs as 11™ group) were included in the model as
adjusting variables. In the final model, the conditions ‘living with other dogs’, ‘born in the
owner family’ and ‘living in a wooden or non-wooden detached house’ were associated with
less owner-reported allergic/atopic skin symptoms, indicating that these traits were possibly
protective. On the other hand, having an extremely clean household and over 50% white col-
our in the coat appeared to be positively associated with owner-reported allergic/atopic skin
symptoms (Table 4). The model fit was verified by an Omnibus Chi-square of P <0.001 and a
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Table 3. Associations between potential risk factors (21 factors analysed) and owner-reported allergic/atopic skin symptoms in the DOGRISK
questionnaire data.

Potential risk factor Included Missing Comparison categories |P-value |OR |95% CI MV model
dogs (n) dogs (n)

1. | Season of birth (reference / 8372 271 Winter 0.231 | 0.91|0.77-1.07 | Included

compared to: autumn) Spring 0.145% | 0.89 | 0.76-1.04
Summer 0.147* | 0.88 | 0.75-1.04

2. | a) Heating system (reference: 7808 835 Wood-fired heating 0.009 | 0.82 | 0.70-0.95 | Excluded; resumed in 2b

central heating) Heating with oil 0.362 | 0.910.75-1.11  (below)
Heating with ground heat 0.327 |0.86|0.64-1.16

b) Wood-fired heating system 7808 835 Yes 0.016 | 0.83 | 0.72-0.97 | Included

(reference: no)

3. | Type of house the dog has 6371 2272 Row house 0.240 | 0.90 | 0.76—1.07 | Excluded: too many
previously lived in (reference: Detached house (wood) <0.001 | 0.72 | 0.62—0.84 | Missing cases
apartment

P ) Detached house (not 0.001 | 0.70 0.57-0.87
wood)

4. | Type of house at the moment 8592 51 Row house 0.095* | 0.88 | 0.76—1.02 | Included
(reference: apartment) Detached house (wood) | <0.001 | 0.76 | 0.66-0.87

Detached house (not 0.010 | 0.78 | 0.64-0.94
wood)

5. | a) Tidiness of the household 8592 51 Very clean 0.099* | 0.72 | 0.48-1.07 | Excluded: resumed in 5b
(reference: extremely clean) Normally clean 0.025 | 0.66 | 0.46-0.95 | (below)

Not that clean 0.015 | 0.62 | 0.42-0.91

Not clean at all 0.891 |0.96 | 0.51-1.81
b) Extremely clean household 8592 51 Yes 0.025 |1.51|1.05-2.15 | Included
(reference: all others)

6. | Deworming status as a puppy 7999 644 No 0.913 | 0.97 | 0.55-1.70 | Excluded: non-significant
(reference: yes)

7. | Vaccination status as a puppy 8223 420 No 0.471 | 1.22|0.71-2.08 | Excluded: non-significant
(reference: yes)

8. | Dam’s deworming status pre- 4061 4582 No 0.294 | 1.24 | 0.83-1.87 | Excluded: non-significant
birth (reference: yes) and too many missing

cases

9. | Dam’s vaccination status pre- 2401 6242 No 0.901 | 1.02 | 0.80-1.28 | Excluded: non-significant
birth (reference: yes) and too many missing

cases

10. | Gender (reference: female) 8414 229 Male 0.119* | 1.09 | 0.98-1.22 | Included

11. | a) Colour of the coat (reference: | 8188 455 90-100% white 0.028 | 1.24 | 1.02-1.50 | Excluded; resumed in 11b
very little/not at all white) 50-89% white 0.012 |1.25|1.05-1.48 (below)

Less white 0.176* | 0.91 | 0.80-1.04
b) Over 50% of white colour in 8188 455 Yes <0.001 | 1.28  1.13-1.47 | Included
the coat (reference: no)

12. | Born in owner family (reference: | 8643 0 Yes <0.001 | 0.33  0.24-0.47 | Included
no)

13. | Living with other dogs 8643 0 Yes <0.001 | 0.71|0.64-0.79 | Included
(reference: no)

14. | Living with other animals 8643 0 Yes 0.028 | 0.88 | 0.78-0.99 | Included
(reference: no)

15. | Where have you been smoking | 3045 5598 Mainly inside 0.120* | 0.62 | 0.33—1.14 | Excluded: too many
previously (reference: only Rarely inside 0.408 | 1.16|0.82-1.66 missing cases
outside)

(Continued)
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Table 3. (Continued)

Potential risk factor Included Missing Comparison categories |P-value OR |95% CI MV model
dogs (n) dogs (n)
16. | Does the dog have a yard 8149 494 Yes a yard where the dog 0.051* | 0.88 | 0.78-1.00 | Included
(reference: no) can be loose
Yes an outside kennel <0.001 | 0.67 | 0.55-0.81
where the dog can be
loose
Yes a yard where the dog 0.169* | 0.83 | 0.63-1.09
is chained
17. | Body condition score under 2 5846 2797 Obese 0.395 | 1.27|0.73-2.22 | Excluded: too many
months of age (reference: Fat 0.017 |1.26 | 1.04—1.52 | Missing cases
normal) .
Slim 0.963 | 1.01|0.79-1.28
Very slim 0.022 |1.84 | 1.09-3.09
18. | Outside under 2 months of age 5250 3393 Few days a month 0.605 | 1.09 | 0.78-1.54 | Excluded: too many
(reference: not at all) Few days a week 0.018 | 0.70 | 0.52-0.94 missing cases
Once a day 0.016 | 0.71 | 0.53-0.94
Several times a day <0.001 | 0.61|0.48-0.78
19. | Walking outside when 5 months | 5839 2804 30-60 min/day 0.969 | 1.01|0.73-1.39 | Excluded: too many
old (reference: under 30 min) 1-2 hours/day 0.263 | 0.83 | 0.60—1.15 | Missing cases
Over 2 hours per day 0.012 | 0.63 | 0.44-0.90
20. | Dam having a history of skin 2944 5699 Yes <0.001 | 5.86 | 4.03-8.51 | Excluded: too many
symptoms (reference: no) missing cases
21. | Age 8523 120 <0.001 | 1.05|1.03-1.07 | Included

Results are based on univariable logistic regression analyses.
Missing dogs = the number of empty answers in the DOGRISK data; OR, odds ratio; Cl, confidence interval; MV, multivariable; *, P < 0.2; bolded, P < 0.05.

https://doi.org/10.1371/journal.pone.0178771.t003

Nagelkerke’s R” of 0.048. The Hosmer & Lemeshow test was 0.525. Overall prediction success
was 81.6%.

The mean age of dogs with veterinary-verified CAD was 4.6 years (SD+ 2.96). In the uni-
variable analyses, using veterinary-verified CAD as the dependent variable, 6 of the 22 vari-
ables showed a statistically significant association with CAD. Factors that showed a protective
association with CAD were: the type of house the dog had previously been living in (wooden
detached house, P = 0.016; non-wooden detached house, P = 0.049), if the dog was born in the
owner family (P = 0.003), and if the dog was living with other dogs (P = 0.001). On the other

Table 4. Associations of background variables, selected on the basis of univariable analyses, with owner-reported allergic/atopic skin symptoms
in the DOGRISK questionnaire data (n = 5619).

Risk factor Comparison categories P-value OR 95% CI
1. Living with other dogs (reference: no) Yes <0.001 0.736 0.642-0.844
2. Born in owner family (reference: no) Yes <0.001 0.369 0.248-0.550
3. Type of house at the moment (reference: apartment) Wooden detached house 0.009 0.699 0.534-0.913
Non-wooden detached house 0.011 0.672 0.495-0.913
Over 50% white colour in the coat (reference: no) Yes, over 50% of white colour 0.019 1.216 1.033-1.432
5. Extremely clean household (reference: all others) Yes 0.032 1.596 1.040-2.448

Results are based on a multiple logistic regression model adjusted for age and FCI breed group.
OR, odds ratio; Cl, confidence interval.

https://doi.org/10.1371/journal.pone.0178771.t1004
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hand, over 50% white colour in the coat (P = 0.013), age (P = 0.001) and a dam having a history
of allergic/atopic skin symptoms (P<0.001) were positively associated with veterinary-verified
CAD.

Four categorical risk factor candidates that had P < 0.2 and less than 1500 missing cases
were included in the multivariable logistic regression analysis: i) over 50% white colour in the
coat; ii) if the dog was born in owner family; iii) if the dog was living with other dogs and iv) if
the dog had an outside kennel/yard. In addition, age and FCI breed groups (including mixed-
breed dogs as the 11" group) were included in the model as adjusting variables. Altogether,
6407 dogs were included in the final model, including 6131 healthy dogs and 276 dogs with
veterinary-verified CAD. In the final model living with other dogs (P = 0.002, OR = 0.665,
95% CI = 0.513-0.860) and being born in the owner family (P = 0.022), OR = 0.408, 95%

CI =0.189-0.880) showed a protective association with the development of CAD. The logistic
regression showed an Omnibus Chi-square of P <0.001 and a Nagelkerke’s R* of 0.043. The
Hosmer & Lemeshow test was 0.138. The overall prediction success was 95.7%.

Discussion

The results of the present study indicate that environmental factors related to household con-
ditions (i.e. type of house, cleanliness of the household, other dogs in the household and being
born in the owner family) and the colour of the dogs’ coat are associated with the owner-
reported allergic/atopic skin symptoms. When these factors were considered among the sub-
group of cases with veterinary-verified CAD two of them (if the dog was born in owner family
and if it was living with other dogs) remained significant in the final model adjusted for other
variables. At least three studies have analysed environmental factors related to CAD. The first
studied insured dogs in Sweden, where the researchers had access to a large sample population
but the diagnosis of the dogs was not necessarily accurate [39]. In the second study, where
only 119 dogs of three different breeds were used, both the breeders and owners completed a
questionnaire concerning dog nutrition and environment [40]. The third study included only
Labrador and golden retrievers from Germany and Switzerland [23]. They had an overall of
378 dogs that were examined by a veterinary dermatologist, and the owners completed a
46-item questionnaire. Our study population of owner-reported allergic/atopic dogs included
several thousands of individuals of different breeds covering all areas of Finland, but as in
Nodtvedt et al. [39], not all dogs were diagnosed by a veterinarian. Hence, we also repeated the
analyses using only dogs with veterinary-verified CAD as the test group.

According to previous literature, the breeds most commonly affected by CAD are West
Highland white terriers, Labrador retrievers, golden retrievers, boxers, French bulldogs, Ger-
man shepherds and cocker spaniels [4]. All of these breeds are also in the top 20 in our data
suffering from owner-reported allergic/atopic skin symptoms, except for golden retriever
being the 21" and cocker spaniel as 27™. The reports of breed-associated diseases are often
anecdotal, based on data from insurance companies or from referral centres, which makes
them subject to sampling bias [41]. We had the same problem in our data: during recruitment,
we contacted over 40 breed associations per year at dog shows and asked them to try to mobi-
lize their members to answer the questionnaire and as the most active breed groups would had
completed more questionnaires than others there may be a bias towards certain breeds. How-
ever, this bias should not have an impact on the percentage of owner-reported allergic/atopic
skin symptoms within the breed, as both the owners of healthy and symptomatic dogs have
answered the questionnaire. Additionally, since we only included breeds with at least 40 indi-
viduals in our data, rarer breeds with atopic predispositions may not have been included in the
list.
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The fact that some of the dogs were recruited from animal clinics giving them a leaflet in a
waiting room may lead to a reporting or selection bias. The owner of a dog with an incident
disease may remember and report the dog’s history in more detail or differently than an owner
of an apparently healthy dog, and the owners visiting the selected clinics participating in the
recruitment may differ from the average Finnish dog owners concerning the features of their
living environment etc. Furthermore, the number of dogs with varying diseases in the control
group may have been disproportionately large, and the distributions of risk factor variables for
those diseases may differ from the overall dog population, again introducing a risk of bias.
However, the majority of recruitment was conducted in a non-clinical setting.

When FCI breed groups were compared with mixed breed dogs, we found that groups 3
(Terriers) and 6 (Scent hounds and related breeds) had a significantly higher risk of owner-
reported allergic/atopic skin symptoms than did mixed breed dogs; whereas the risk for groups
5 (Spitz and primitive types) and 10 (Sighthounds) were significantly lower (Table 3). The ten
FCI breed groups are based on morphological and behavioural similarity, and historical func-
tion [42]. When classification is made based on genetic variation, four clusters have been
reported [43]. The first cluster includes dogs from FCI groups 5 and 10, i.e. the groups with
smaller risk of owner-reported allergic/atopic skin symptoms in our study. Their ancestry can
be traced to both Asia and Africa, and they are also genetically closest to wolves [43]. The Ger-
man shepherd (FCI 1) in cluster 4, Rhodesian ridgeback, beagle and bloodhound (FCI 6) in
cluster 3, as well as some terriers (FCI 3) where the most genetically distant breeds from wolves
[43]. These breeds and FCI groups all had a high proportion of owner-reported allergic/atopic
skin symptoms in our study. This calls for further studies which would map candidate genes
for canine skin diseases.

In this present study, living with other dogs was associated with a decreased risk of both vet-
erinary-verified CAD and owner-reported allergic/atopic skin symptoms, which is in line with
the study of CAD done by Meury et al. [23]. The hygiene hypothesis was introduced over 20
years ago, based on data showing that the incidence of eczema and hay fever in humans was
lower in big families with a larger number of siblings [44] or brothers [45]. Similarly, the atten-
dance to day care in the first year of life has been shown to decrease the risk of allergic diseases
in children [46, 47]. It is hypothesized that the increased contact with other children at home
or at day care increases the burden of infection, which has been reported to be inversely associ-
ated to atopy in humans [48-50]. Furthermore, having dogs or cats in the household during
early childhood has been shown to protect against atopy in humans [5, 16-22], probably due
to the increased exposure to microorganisms from soil and vegetation carried indoors by the
dog. Nevertheless, conflicting results also exist as cats and dogs have even been reported to
increase the risk of atopy in humans [21, 51-53]. Unfortunately, we have no data on whether
the other dog(s) came to the household before or after the index dog, which makes it difficult
to know if the index dog grew up with other dogs or if the other dogs came to the household
later.

The multivariable regression model showed a significant association between the decreased
risk both of veterinary-verified CAD and owner-reported allergic/atopic skin symptoms and
being born in the owner family. This implies that there was at least one dog (the dam of the
index dog) before in the family. This association could possibly be due to the fact that dog’s
immune system adapts, from birth, to the microbial environment in which it is going to live
for the rest of its life. When the dog is exposed to the microbes in the environment which affect
the immune system already at a young age, it may thus decrease the prevalence of CAD later in
life. This is also seen in human AD [50, 54]. Another explanation could be that stress affects
skin symptoms, and that the presence of another dog may decrease the dog’s stress over time
[55].
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An extremely clean household was associated with a higher risk of owner-reported allergic/
atopic skin symptoms when compared to a normally clean/unclean house in the present study.
This also supports the hygiene hypothesis as constant cleaning reduces the microbial load and
the level of endotoxins in the house, which has been reported to be inversely associated with
allergic diseases in humans [56]. It should also be noted that the cleanliness of the household is
subjective, and the term ‘extremely clean’ may differ between people. Hence, our result does
not provide any specific frequency or intensity of cleaning that may have a positive association
with atopic/allergic skin symptoms.

Living in a detached house compared to an apartment was also significantly associated with
a lower risk of developing owner reported allergic/atopic skin symptoms in the final multivari-
able model. We also observed the similar results in our univariable regression analysis with the
question ‘Type of house the dog has previously lived in’, with both owner-reported skin symp-
toms and veterinary-verified CAD. If allowing the amount of missing answers to be 2500 per
question, the “Type of house the dog has previously lived in’ could be included in the multivari-
able model, and having a wooden detached house would be significantly associated with a
decreased risk of owner-reported allergic/atopic skin symptoms and veterinary-verified CAD
(data not shown). These findings are consistent with some human studies [9, 57]. People who
live in detached houses also tend to live in suburban or rural areas. In a Swedish dog popula-
tion, the occurrence of CAD among dogs living in urban areas was shown to be 57% higher
than among the rest of the population [39], and the same research group reported an associa-
tion between an increased human population density and a higher incidence rate of CAD [40].
A study among Labrador retrievers and golden retrievers also showed an association between
living in a rural environment and decreased risk of AD [23]. There can be multiple reasons for
the associations between rural environment and lower incidence of CAD, e.g. less exposure to
diesel exhaust particles, better indoor air quality, more microbial contact, and more time spent
outside. Also, more difficult access to specialist veterinary services outside city centres might
affect the probability of a veterinary-verified CAD diagnosis.

Having over 50% white colour in the coat was associated with an increased risk of owner-
reported allergic/atopic skin symptoms in the final multivariable model. When CAD was con-
sidered as the dependent variable, having over 50% white colour in the coat seemed to have a
protective role in the univariable model but not in the final model. In the study of Nedtvedt
et al. [40] a significantly higher incidence of AD was found in white bull terriers than those of
other colours. No clear explanation for this association has been proposed so far. Recently, an
association between c-KIT, a gene that partakes in mast cell development, and white spots on
German shepherd dogs was found [58]. Strong connections between ¢-KIT and CAD in dogs
[59, 60], as well as psoriasis [61] and asthma in humans [62] has also been reported. White
Akita-inu dogs [63] and yellow Labrador and golden retrievers [64, 65] have been reported to
be homozygous for the R306ter mutation of MCIR, a gene found in melanocytes. MCIR has
also been reported to inhibit inflammation in atopic mice [66, 67]. In addition, canine -defen-
sin 103 (¢BD103), a gene that is expressed by certain phagocytic leukocytes and epithelial cells
[68], is found to be expressed in higher levels in black dog skin, and a mutation in the cBD103
gene causes a black coat [69]. One study has reported a lower expression of cBD103 in both
lesional and non-lesional skin of atopic dogs compared to healthy skin [70] but another study
found no significant difference between atopic and healthy dog skin [68]. In the skin of human
patients with AD, the expression of the human ortholog for cBD103, hBD3, is decreased [71-
73]. Considering these results there might be a connection between coat colour and CAD, and
anecdotal evidence supports it, but further research in this area is needed. Our result of coat
colour and veterinary diagnosed CAD in a final model might also be due to chance or con-
founding factors.
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The lack of a significant association between the season of birth with both veterinary-veri-
fied CAD and owner-reported allergic/atopic skin symptoms is consistent with a previous
study of CAD [40], but the same research group also reported a significantly higher risk of
CAD in autumn-born dogs [39]. Again, if allowing the amount of missing answers to be 2500
per question, then dogs born in summer were significantly less likely to have owner-reported
allergic/atopic skin symptoms than dogs born in autumn (data not shown). No effect of gender
on the risk of owner-reported allergic/atopic skin symptoms or verified CAD was detected in
the present study. The most recent review agrees that CAD, in general, fails to exhibit sex pre-
dilection [74].

A history of owner-reported allergic/atopic skin symptoms in the dog’s dam was also a
clear risk factor in our univariable regression analysis for both veterinary-verified CAD
(P < 0.001; OR 4.35, CI 95% 2.16-8.76, data not shown), and owner-reported allergic/atopic
skin symptoms even though the number of missing cases were high. Some dog breeds and
breed groups are also more susceptible to atopy/allergies and skin symptoms than others, as
can also be seen in different human ethnicities [75, 76]. It should also be considered that it is
common for the dam to be born and to live in the breeder’s household as does the puppy for
the first seven to eight weeks of its life. This way the dam and puppy share the same environ-
mental conditions and nutrition, including in the gestation period. This introduces the possi-
bility of mutual environmental factors affecting both the dam and the puppy in the womb as
well as early in life [77, 78], in addition to shared genes.

There were some limitations to this study. When the pruritus is evaluated by the owners, it
is always affected by their preconceived perception of what normal pruritic behaviour is. This
can lead to an underestimation of skin problems and the owners to consider their dogs to be
healthy. On the other hand, the dogs diagnosed as healthy by the veterinarian can be assessed
by the owner as having pruritus above the ‘apparently normal’ level [79]. There are actions
that correlate with higher pruritus, like paw licking/chewing, facial/muzzle rubbing, head
shaking, and sneezing, but the owner may not associate this with pruritus and skin symptoms
[79]. Also, some dogs may have clearly visible erythema but no signs of pruritus, or vice versa
[80]. Considering the above, there is a substantial possibility that some of the control dogs in
this study might have had the same conditions as the case dogs, like atopic dermatitis, and that
their symptoms were not recognized by the owner. On the other hand, some case dogs that
had owner-assessed pruritus might be considered healthy by a veterinarian. In addition, the
owner-reported skin symptoms in the present study might have been due to parasite infesta-
tions, primary bacterial infections, stress, or something else unrelated to atopy/allergies,
although the owners where specifically asked if they thought their dogs suffered from allergic/
atopic skin symptoms. Parasite infestations that lead to scratching are, however, very rare in
Finland.

Even though we had individuals with veterinary-verified CAD as a second population in
this study, it is commonly known that both owners and veterinarians talk about the typical
dermatological signs of atopy/allergy as CAD, even if the whole diagnostic procedure required
had not been performed. Alternatively, a dog that fails to fulfil the criteria of atopic dermatitis
in a clinical examination by the veterinarian may still be atopic [33]. Some of the associations
between owner-reported allergic/atopic skin symptoms and risk factors were also found in the
analyses of the veterinary-verified CAD test group (n = 322). The type of house the dog was liv-
ing in at the moment, whether the household is extremely clean, and the colour of the dogs
coat where not statistically significant in this test group, although they still may be associated
with skin symptoms caused by CAD, since the number of cases were significantly smaller in
these analyses.
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Because this study was observational, the associations found between environmental factors
and CAD / owner-reported allergic/atopic skin symptoms cannot be confirmed as causal.
However, we found many statistically significant associations, most of which were consistent
with previous human research and with previous studies in dogs suffering from CAD. To enri-
chen our findings, there will be dietary and genetic analyses performed within this DOGRISK
study population. A follow-up questionnaire to the same Finnish dog population is under way
and will shed better light on this issue, as it will enable a longitudinal approach.

Conclusion

Based on the results of this study we conclude that living with other dogs, being born in the
owner family, living in a detached house, and not having a predominantly white coat or living
in an extremely clean household are associated with lower risk of owner-reported allergic/
atopic skin symptoms, and possibly with veterinary-verified CAD. The owner-reported skin
symptoms are most likely caused by atopic dermatitis and allergies, even if many of the dogs in
the larger population lacked an official veterinary diagnosis. To our knowledge, our findings
of an extremely clean household being associated with a higher risk of skin symptoms is novel
in dogs. We also report new information regarding the association of different FCI breed
groups and skin symptoms. This shows that genetic factors also contribute to the predisposi-
tion for skin problems. An important question for future studies is the relative contribution
of genetics, dietary factors and other environmental factors have on the risk of canine and
human AD.
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