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Abstract

Background: Chronic stress is implicated in behavioral and health issues in cats, but
methods for recognition, evaluation, and measurement of stress are lacking. Cortisol
concentration is typically used as an indicator of stress.

Obijectives: To evaluate use of an enzyme immunoassay to quantitate hair and nail
cortisol concentrations (HCC and NCC) in cats and evaluate associations between
HCC and NCC and behavioral, physical, and environmental correlates of chronic
stress in cats.

Animals: Forty-eight adult, owned or community cats.

Methods: Cross-sectional study. Nail clippings and hair were collected from cats.
Medical history and cat daily lifestyle questionnaires were completed by owners or
caretakers. A commercial laboratory performed cortisol extraction and quantification
using a validated enzyme immunoassay kit. Correlational and regression analyses
were used to evaluate associations between HCC and NCC and behavioral, environ-
mental, and medical factors.

Results: Hair and nail cortisol concentrations were significantly associated (rs = 0.70;
P < .001), but HCCs varied widely within and among cats. Cats with litterbox issues
had significantly increased HCC (P = .02) and NCC (P = .001) as compared to cats
without litterbox issues. Cats with groomed coats had lower HCCs (P = .02) as com-
pared to cats without groomed coats, whereas cats with dander and mats had higher
NCCs (P = .01) as compared to cats without dander and mats.

Conclusions and Clinical Importance: The quantification of NCCs might improve
identification and evaluation of chronic stress in cats. The variability of HCCs in indi-

vidual cats warrants caution using this measurement in chronic stress studies.

KEYWORDS
animal welfare, cat, claws, enzyme immunoassay, fur, noninvasive measures, poor coat
condition
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1 | INTRODUCTION

Stress contributes to illnesses in cats including upper respiratory
infection, elimination disorders, dysrexia, grooming alterations,
and gastrointestinal disturbances, often leading to additional medi-
cal sequelae.’™ Chronic stress also can initiate and potentiate
common behavioral problems in cats, such as house soiling or
aggression.>>7 Cats frequently are surrendered to shelters
because of these issues and may experience chronic stress when
housed long-term in a shelter.® ' Owners, however, might not
notice signs of stress in their cats, and they might not attribute
certain behaviors or illnesses to chronic stress, and thus it can go
unrecognized.1?12

Methods for recognition, evaluation, and physiological measure-
ment of chronic stress in the cat are lacking. Quantitative stress mea-
sures in the cat historically have been based on serum cortisol
concentration and more recently salivary, urinary, and fecal cortisol
concentrations.**® None of these cortisol measurements as single
results is indicative of chronic stress, however, because each gauges
either instantaneous cortisol concentrations that can vary within
minutes (as in serum and saliva), or concentrations that reflect the
previous several to 24 hours (as in urine or feces).*¢1%2° Furthermore,
some of the procedures used to obtain the samples can induce stress
in cats.+2!

The slow growth rate and accumulation of cortisol within hair
and nails allow for a single measurement of cortisol that reflects
bodily concentrations of the hormone over an extended period of
time.?2"2% Hair cortisol concentration (HCC) increasingly is being
evaluated as an indicator of long-term chronic stress in other spe-
cies, and nail cortisol concentration (NCC) also is being evalu-
ated.?22%72? Enzyme immunoassays (EIAs) and radioimmunoassays
(RIAs) have been used to measure HCCs in dogs,*®3%3! and RIA
has been used to measure HCCs in cats.3?3* Coat color®! and
body location®> might influence HCCs; these factors have not
been assessed in cats. No published data are available regarding
EIA assessment of HCC in cats. Nail cortisol concentrations have

2436 and had less

been found to be associated with HCCs in dogs
variability than HCC.24 Nail cortisol concentrations have not been
evaluated in cats.

Noninvasive objective measurements of chronic stress are
needed in feline medicine. Hair and nail cortisol assays com-

bined with observations, such as coat condition,?

might assist
with evaluation of chronic stress in cats. Such measurements
would more effectively guide prevention, intervention, and man-
agement strategies. Our aims were to evaluate use of EIA for
the quantitation of HCC and NCC in cats and to determine if
either could be used to evaluate chronic stress in cats. The pri-
mary hypotheses were that HCCs from different body locations
would be similar and that HCCs would be positively associated
with NCCs. The secondary hypotheses were that behavioral and
physical factors potentially indicative of chronic stress in cats
would be associated with HCC or NCC, and NCC would be

more consistent than HCC.?*

MATERIALS AND METHODS

American College of
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2 |

21 | Catsand samples

The subjects were either owned or community cats. Participants were
recruited in 3 stages. At the request of the commercial laboratory, the
first 3 cats were chosen based on owner report of being likely chroni-
cally stressed; this request was to potentially extract high concentra-
tions of cortisol from the 3 samples to perform assay calibrations. The
next 16 cats were healthy adult cats from teaching hospital staff and a
spay/neuter clinic (Figure 1). Inclusion criteria were the following:
generally healthy, adult, and no known glucocorticoid administration
or contact within the past month, and if a cat had a nail trim per-
formed within the past 2 weeks, it was excluded from participation.
To enroll cats with a variety of owner-reported health and behavioral
conditions, participation next was sought from adult cats (n = 33) that
had any of the following: geriatric age, unkempt appearance, exces-
sive grooming behaviors, litterbox issues, recurrent upper respiratory
clinical signs, chronic illness, owner-reported stress, or some combina-
tion of these. If a cat had a nail trim performed within the past
2 weeks, it was excluded from participation. These remaining 33 cats
were recruited via email request to veterinary students and university
staff and from cats visiting a low-cost feline clinic for grooming under
sedation or euthanasia. Samples were collected between March 2018
and January 2019, and each cat's hair and nail samples were collected
on the same day. Low-stress handling techniques were used during
sample collection from awake cats.%”

Hairs in patches approximately 2 x 2 cm were clipped from each
cat. To compare HCCs from different body locations, the first 19 cats
had hair samples clipped from different body locations (dorsal neck,
ventral neck, lumbosacral area proximal to the tail base, abdomen)
based on simplicity of retrieval and previous HCC studies in cats,2
dogs,31 and other mammals.??38 After the first 19 cats were sampled,
all of the remaining cats' hair samples were collected from only the
lumbosacral area, selected based on previous studies and ease of sam-
pling from that location.®%323% Hair samples were stored individually
in separate aluminum foil packets at room temperature until ready for
transfer to the commercial laboratory (University of Colorado Behav-
ioral Immunology and Endocrinology Laboratory [UC BIEL], Aurora,
Colorado) for processing.

Nails were clipped just distal to the quick from all front and rear
paw digits or only the rear paw digits on outdoor community cats or
front-declawed owned cats. All samples were stored at room temper-
ature in separate plastic vials until ready for transfer to UC BIEL for

processing.

2.2 | Cortisol extraction and assay

Cortisol extraction and laboratory validation of the assay were per-
formed by UC BIEL using previously published methods.?240-42
Between 20 and 40 mg from each sample was used for analysis. Each

sample was washed with 100% isopropanol, dried, ground, and
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FIGURE 1
study and analyses (rectangles)

extracted.***? A commercial high sensitivity EIA kit (Salimetrics, LLC)
was used; the lower limit of sensitivity was 0.007 pg/dL. Cortisol con-
centrations were determined according to the manufacturer's protocol
and were presented as picograms of cortisol/milligram (pg/mg) of hair
or nail. To perform laboratory assay validation calibrations, samples
from 3 cats were used. Pooled samples were processed to create low
and high internal assay controls for determination of intra-assay and
interassay coefficients of variation (CV). The mean CVs were 10.6%
and 9.3% for the low and high controls, respectively, and intra-assay
CV was 1.5%. Assay cortisol extraction recovery was evaluated by
spiking 3 hair samples and 1 nail sample. The mean cortisol extraction
recoveries were 97.1% for the hair and 89.2% for the nails. For com-
parison to the expected values of the assay standard curve, hair sam-
ples were serially diluted from 1 : 1 to 1 : 32, and nail samples were
serially diluted from 1 : 1 to 1 : 8. Linear regressions showed strong
positive correlations between expected and observed cortisol concen-
trations for hair (mean R? = 0.989) and nails (R? = 0.997).

2.3 | Owner questionnaires
The owners or caretakers of the cats completed a medical history
questionnaire and a daily lifestyle questionnaire based on previous

studies.*>**** Questionnaires were not completed if the cat was

Flow diagram outlining cats recruited for study (ovals) and hair and nail sample inclusion and exclusion in different parts of the

being euthanized or was an unfamiliar community cat. Information
gathered included signalment, owner-reported medications the cat
had received within the past month, current or chronic illness,
observed clinical signs associated with respiratory or gastrointestinal
disease (eg, sneezing, epiphora, diarrhea), retroviral status, neuter sta-
tus, last nail trim, and house soiling. Other owner-reported informa-
tion included source of acquisition of cat, indoor vs outdoor housing,
availability of resting and perching areas, number of adult humans and
children in the household, number of other pets in the household,
ratio of litterboxes to cats, occurrence of any recent household
changes, in-home pheromone use, owner-reported cat personality
characteristics, cat's coat condition and appearance, frequency of cat's
activities (eg, playing, using scratching post, grooming, allogrooming,
overgrooming, hissing, fighting with other cats, hiding, greeting owner,
consuming inappropriate objects), and owner-assessed stress level on
a continuous gradient scale from not stressed at all to extremely
stressed. The following factors were reclassified into categorical vari-
ables with 3 levels indicating frequency of behavior: uses scratching
posts, rubs affectionately on owner, fights with or hides from other
cats in home, and plays. Last nail trim also was categorized into 3 cate-
gories (between 2 and 4 weeks; >1 month; never). The following were
reclassified into the dichotomous category of yes or no: children in
household, pheromone use, litterbox issues (defecating or urinating

outside of box or both), water spray punishment, pica, hisses or bites,
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greets when entering home, and chronic illness (including kidney dis-
ease, emaciated community cat euthanized, chronic rhinitis, chronic
gingivostomatitis, severe periodontal disease, untreated asthma, thy-

roid disease, and obesity).

2.4 | Statistical analyses
Statistical analyses were performed using Stata v14.2 (StataCorp LP).
Significance was defined as P < .05. For the first 19 cats, the concor-

dance correlation coefficient*> (CCC) and Bland-Altman***”

plot were
used to evaluate agreement between cortisol concentrations between
hair collected from the dorsal neck compared to the lumbosacral area
(n = 10) and the dorsal neck compared to the abdomen (n = 6) in
paired samples; descriptive statistics were used to evaluate HCC from
the ventral neck (n = 5). For the 3 cats that had >1 cortisol concentra-
tion assigned per body location for the purpose of assay calibration,
the lowest of the results was used, and descriptive statistics also
were used.

Spearman's rank correlation was used to evaluate the association
between HCC (lumbosacral area) and NCC. Correlational matrices and
univariable regression models were used to assess the association of
cat characteristics, environmental conditions, and medical factors with
HCC and NCC. Factors associated in the univariable analyses with a
P < .15 were used to build a multivariable regression model using
manual bidirectional elimination. Clinically relevant eliminated vari-
ables were re-evaluated for confounding effects within the final
model, and collinearity was further evaluated using variance inflation
factors (VIFs). The model and residuals were evaluated for normality,
homoscedasticity, and linearity. Power transformations based on Box-
Cox analysis were applied to correct for violations of assumptions.

3 | RESULTS

3.1 | Cats and general characteristics

Samples were collected from 52 cats (Figure 1). Four cats were
excluded from analyses because of topical corticosteroid contamina-
tion in the home (n = 3) and PO prednisolone administration (n = 1).
Of the 48 cats that were used for the study, 5 were intact males
(10.4%), 7 intact females (14.6%), 23 neutered males (47.9%), and 13
spayed females (27.1%). The median age of cats was 11.8 years old
(range, 1.5-20.0 years). Ten of the 48 cats (20.8%) were feral or

community cats.

3.2 | HCCs and body locations (n = 19)

Samples were obtained from at least 1 body location in the first
19 cats (Table 1). The CCC comparing HCC from the dorsal neck
to HCC from the lumbosacral area was 0.39 (95% confidence

interval [Cl], 0.28-0.50; n = 10), indicating poor agreement between

Ve

TABLE 1 Summary statistics for hair cortisol concentrations
(pg/mg) by body location from which hair samples were obtained
from the first 19 cats

Body location Number of cats Median (range)

Abdomen 6 5.5(2.7-10.8)
Dorsal neck 17 6.2 (1.3-52.5)
Ventral neck 5 17.7 (3.0-224.1)
Lumbosacral 10 6.3 (0.2-251.5)

measures.*>464® After outlying data from 1 cat was removed from
the analyses, the CCC was 0.53 (95% Cl, 0.01-1.04; n = 9), indicating
improved agreement (Figure 2). The CCC comparing HCC from the
dorsal neck to HCC from the abdomen was 0.72 (95% Cl, 0.36-1.09;
n = 6), indicating moderate agreement (Figure 3).#54648

3.3 | Association between HCC from lumbosacral
area and NCC (nh = 39)

A significant positive association was found between HCC and NCC
(rs =0.70; P < .001).

3.4 | HCC from lumbosacral area and associations
with behavioral, physical, and environmental
factors (n = 39)

Median HCC from the lumbosacral area (n = 39) was 4.2 pg/mg
(range, 0.2-251.5 pg/mg). Median hair sample length was 30 mm
(range, 17-60 mm). Box-Cox analysis indicated that a natural log
transformation (with an offset of 1) on HCC would improve model
fit. Univariable regression modeling identified multiple variables
associated (P < .15) with changes in HCC (Table 2). These variables
were further evaluated using multivariable regression modeling. The
final log-transformed multivariable regression model retained 2 fac-
tors (litterbox issues; groomed and soft hair coat) that predicted
HCC (P = .003; R? = 0.366; adjusted R? = 0.315). The VIFs for both
variables in the final model were 1.01. In the final model, cats with
litterbox issues had higher HCC (P = .02) as compared to cats with-
out litterbox issues. Conversely, cats with groomed and soft hair coat
were more likely (P = .02) to have decreased HCC as compared to
cats without groomed and soft hair coat (Table 3). The HCC was not
significantly associated with coat color (P = .46), sample color
(P = .18), hair sample length (P = .78), sex (P = .67), neuter status
(P = .62), indoor vs outdoor status (P = .38), ratio of litterboxes to
cats (P = .77), or number of cats in the household (P = .21). After
accounting for other contributing factors in the model, sample color,
declaw status, chronic illness, number of dogs, owner-reported stress
levels, and other behavioral characteristics were not associated
with HCC.
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3.5 | NCC and associations with behavioral, (P < .001; R? = 0.379; adjusted R? = 0.341). The VIFs for both vari-
physical, and environmental factors (n = 48) ables in the final model were 1.01. In the final model, cats with lit-

terbox issues (P = .001), and cats with dander and matted hair coat
Median NCC (n = 48) was 0.6 pg/mg (range, 0-10.3 pg/mg). Box-Cox (P = .01) had higher NCCs when compared to cats without litterbox

analysis indicated that an inverse transformation (with an offset of 1) issues and without dander and matted hair coat, respectively
on NCC would improve model fit. Univariable regression modeling (Table 5). The NCC was not significantly associated with sex (P = .57),
identified multiple variables associated (P < .15) with changes in NCC indoor vs outdoor status (P = .9), ratio of litterboxes to cats (P = .72),
(Table 4). These variables were further evaluated using multivariable number of cats in the household (P = .85), or sneezing (P = .38). After
regression modeling. The final multivariable regression model retained accounting for other contributing factors in the model, age, intact sta-

2 factors (litterbox issues, dander and mats) that predicted NCC tus, declaw status, last nail trim, chronic illness, number of dogs,
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TABLE 2
Variable Level
Categorical variables
Chronic illness No
Yes
Dander and mats No
Yes
Declaw status No
Yes
Feral or community cat No
Yes
Friendly, engaging demeanor No
Yes
High perches available No
Yes
Home is quiet No
Yes
Litterbox issues® No
Yes
Plays Never
Sometimes
Always
Soft and groomed hair coat® No
Yes
Continuous variables
Number of dogs 0-4
Stress axis (owner assessment) 0-80

Open Access,

American College of
Veterinary Internal Medicine

Summary of univariable analysis with log transformations of hair cortisol concentrations (pg/mg) for 39 cats (Figure 1)

Number P value
16 .08
23

17 .03°
18

34 .02°
5

30 14
9

9 01°
21

10 .05
22

6 .08
24

18 .02°
10

4 .09
21

10 .06
28

30 .02°
30 .03°

Note: Coefficients and confidence intervals are not included due to log transformations.

?Included in multivariable final model.
bStatistically significant at P < .05.

TABLE 3 Back-transformed adjusted predictions of hair cortisol
concentration (HCC) from the two significant variables, groomed and
soft hair coat and litterbox issues in the final regression model

for HCC

Groomed and soft Litterbox HCC magnitude
hair coat issues prediction (pg/mg)
No Yes 41.41

No No 15.06

Yes Yes 6.40

Yes No 2.33

owner-reported stress levels, and other behavioral characteristics

were not associated with NCC.

4 | DISCUSSION

Hair and nail cortisol concentrations in cats were quantified using EIA in
our study. The HCC and NCC were correlated, but HCC varied widely

among and within body locations. The variable, dander and matted hair
coat, was significantly associated with increased NCC, and the variable,
groomed and soft hair coat, was significantly associated with decreased
HCC. Both HCC and NCC also were increased in cats with litterbox
issues as compared to cats without litterbox issues. Our study is the first
to evaluate NCC in cats, and provides a preliminary evaluation of using
noninvasive objective tools to evaluate long-term cortisol concentrations
as potential indicators of chronic stress in cats. Because of methodologic
limitations and small sample sizes, these preliminary findings should be
used as a starting point for further investigations.

It is important that veterinarians recognize signs of chronic stress
in cats. One study noted that veterinary professionals' awareness of
certain behaviors in cats was not significantly different from owners'
awareness.*’ If the nail cortisol assay becomes commercially available
with reference intervals for cats, measurement of NCC could provide
a valuable, mostly noninvasive, objective diagnostic tool to use during
regular veterinary appointments or to gather additional information
regarding housing in long-term facilities such as shelters, catteries, or

research facilities.



2668 | Journal of Veterinary Internal Medicine AC\?' M CONTRERAS ET AL.
American College of
ernal Medicine

Veterinar t

TABLE 4 Summary of univariable

Variable Level Number P value T 1
analysis with transformed (INCC + 1]77)
Categorical variables nail cortisol concentrations (pg/mg) for
Chronic illness No 23 001° 48 cats (Figure 1)
Yes 25
Dander and mats No 25 .001°
Yes 19
Declaw status No 42 01°
Yes 6
Fights with or hisses at other cats Never 19 .06
Sometimes 11
Always 5
Feline immunodeficiency virus No 25 12
(FIV) positive Yes 7
Friendly, engaging demeanor No 14 01°
Yes 25
Greets owner No 5 1
Yes 32
Home is quiet No 10 04°
Yes 28
Intact reproductive status No 36 01°
Yes 12
Litterbox issues® No 24 01°
Yes 12
Nails last trimmed Never 12
Greater than 1 mo 22 .03°
Between 2 and 4 wk 7
Soft and groomed hair coat No 11 01°
Yes 36
Continuous variables
Age (y) 1.5-20.0 48 .001°
Number of dogs 0-4 37 .06
Stress axis (owner assessment) 0-80 38 12

Note: Coefficients and confidence intervals are not included due to box cox transformations.
Abbreviation: NCC, nail cortisol concentration.

2Included in multivariable final model.

bStatistically significant at P < .05.

. e . . The amount of cortisol released into the hair or nail depends
TABLE 5 Back-transformed adjusted predictions of nail cortisol

concentration (NCC) from the two significant variables, dander and
matted hair coat and litterbox issues in the final regression model
for NCC ondary or undercoat), but the average daily growth rate is approxi-

partly on the growth rate of the hair or nail.141”:2°> Hair growth rate in

cats varies by season and hair type (primary or guard hair versus sec-

mately 0.33 mm/d for primary hairs and 0.25 mm/d for secondary

Dander and matted Litterbox NCC magnitude - sos1 ) ] ]
hair coat S prediction (pg/mg) hairs.”™>" Because the median length of hair sampled in our study
Yes Yes 1.79 was 30 mm, the HCC reported might represent cortisol accumulation
over approximately 3 months, but such extrapolations regarding the
Yes No 0.76
time period over which cortisol is deposited and accumulates in the
No Yes 0.87 . X . .
hair shaft represent speculations and warrant further exploration. Nail
No No 0.34

growth rates in cats have only been extrapolated from rates in dogs in
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the literature.>?>® Unpublished data by one of us (E.T. Contreras)
found nail growth rate in the cat to be approximately 2.4 mm for front
nails and 1.7 mm for rear nails per 21 days, at which time nails were
full and pointed. The portion of the nail available for trimming, how-
ever, is not the most proximal portion of the nail in contact with the
nail matrix, and thus the cortisol concentration obtained from the
trimmed portion might represent a prior time period. Although we did
not measure the length of the nails trimmed, cats that had nails
trimmed within the prior 2 weeks were excluded from participation,
and all cats therefore had full and pointed nails upon trimming for the
study. The NCC reported therefore might represent cortisol accumu-
lation for an approximately 21-day period at least 1 month before
trimming. The physiology of the deposition of cortisol into the nail
matrix and nail structure, however, has not been explored in cats and
warrants future investigation.

Our hypothesis that HCCs from different body locations would be
similar was not supported, and HCC occasionally varied widely within an
individual cat at a single point in time, however sample sizes for this part
of the study were very small. Similar to our study, several other recent
studies have shown that hair in different regions of the body in various
species has variable concentrations of cortisol.>>%854%5 The HCC of the
Canada lynx was found to vary among foot, leg, location on foot or leg,

and by individual,>®

and significantly different HCCs in body regions also
have been found in grizzly bears, with neck having the highest cortisol
concentration and rump the lowest.®® In contrast, 1 study that evaluated
HCC in dogs did not report variation between right and left shoulder
HCCs.2° Variation in HCCs also might be partly attributable to different
concentrations in guard vs undercoat hairs.3>>%°7 Variation also might be
a consequence of >1 source of cortisol from both the skin's localized
stress response as well as from systemic circulating cortisol.32°8-¢°

Neither hair segment length nor color were responsible for the
variation in HCC in our study, because those variables were not signif-
icant in analyses, but sample sizes were too small within each color
category to draw conclusions. Conflicting findings have been reported
regarding these factors in other studies.®**>>* |t was found that dogs
had higher HCC in the distal segment of hair as compared to the prox-
imal segment,®! whereas chimpanzees had significantly decreasing
HCC toward the distal end of the hair shaft.>* Conflicting results also
have been reported regarding the relationship between hair color and
HCC 3135

The final HCC model in our study was driven, in large part, by a
small number of cats with extremely high HCC. Hair cortisol concen-
trations in cats have been evaluated by RIA in 4 previous
studies,®23*3% 1 of which reported a wide range in HCC of 0.02 to
76.27 pg/mg.3* Although our study used EIA and not RIA, and differ-
ent assays may produce different results,®® HCCs determined by
either method have sometimes disclosed wide ranges in HCCs in

other species®176-57:61.62

35,38,54,55

and for samples obtained at different times
of the year, whereas others have not found such inconsis-
tencies.® The reliability of any singular measurement of HCC in the
cat is questionable considering the matrix of potentially different cor-
tisol concentrations depending on source, variable hair growth rates,

types, amounts, densities, and physiology.

The amount of cortisol extracted from nails was lower than that
extracted from hair in our study. Lower NCCs as compared to HCCs
also have been reported in dogs, and it was suggested that there
might be a slower rate of diffusion from circulation into the nail as
compared to the hair follicle.2* Cat nails are unique in morphology,
function, and structure with a complex architecture of multiple layers,
vasculature, growth rates, and shedding mechanisms.?3%3¢* The diffu-
sion of hormones to the nails might not occur at the same rate and
volume as in the hair.®> As the amount of cortisol released into and
accumulated in nails depends, in part, on nail growth rate, the rapid
growth rate might be partly responsible for lower cortisol concentra-
tions in nails vs hair in cats. Because the unique structure of the feline
nail likely leads to difficulties in extracting large amounts of cortisol,
improved methods of extraction should be explored.

Cats' front limbs and paws differ from the rear limbs and paws in
function, musculature, and innervation.?¢%® Cats' front nails therefore
might differ from rear nails in blood supply and deposition of hormones
as well as in growth rate and cortisol accumulation. Unpublished prelimi-
nary data by one of us (E.T. Contreras) found that front nail growth rate
in the cat might be higher than rear nail growth rate. Interestingly, how-
ever, our preliminary findings®® with a less robust model found that front-
declawed cats had higher cortisol concentrations than cats that were not
declawed. The preliminary model, however, did not account for multiple
variables, and front vs rear nail comparisons were not sufficiently evalu-
ated. The more robust final model reported here accounted for such fac-
tors, and neither declaw status nor “nails used” (all vs rear only) was
significantly associated with cortisol concentrations. However, because
only rear NCCs were evaluated in 13 cats, caution in interpretation is
warranted. Future studies should evaluate front vs rear NCCs in cats.

Our results supported the hypothesis that HCC and NCC were
positively correlated, although NCCs did not have as much variation
as HCCs. Similarly, in the 1 study that evaluated adult dog hair and
nails, outlying values were found in the hair data, but in not the nail
data.?*

Findings also supported our secondary hypotheses that behav-
joral and physical factors would be associated with HCC and NCC. Lit-
terbox issues and poor hair coat were associated both with HCC and
NCC in the final models. Our findings are supported by other studies
that suggested that house soiling and poor hair coat are related to
cats' emotional and physical health.**7°

The variable, groomed and soft hair coat, was associated with
decreased HCC, whereas the variable, dander and matted hair coat,
was associated with increased NCC. Chronically stressed cats often
have unkempt appearances because they discontinue performing reg-
ular behaviors such as grooming; lack of grooming can indicate a med-
ical or stress-related issue or both.!%7%72 One shelter study found
that poor hair coat was associated with lack of enrichment, limited
access to resources, overcrowding, and longer shelter stays.!* A feral
cat colony study found poor hair coat was associated with larger col-
ony size and number of cats per feeding station, indicating heightened
social tensions and less access to resources.”® High behavioral stress
scores also have been found in cats with decreased grooming behav-

jors.”* Some cats cannot groom because of medical conditions
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including chronic pain, and these cats also might be experiencing
chronic stress because of those conditions. Therefore, hair coat condi-
tion should be monitored as an indicator of overall welfare in cats.

Our study had several limitations. The small sample size could
lead to type 2 errors, whereas using multiple variables to predict a
best fit model with a small sample size could result in type
1 errors.”>”¢ Another limitation was that it was not an experimental
study evaluating presumably stressed as compared to nonstressed
cats, but an observational study, lacking a dedicated control group,
and the subjects had varied histories. If future studies further evaluate
hair from different body areas, hair should be collected more system-
atically so that improved comparisons among body areas can be made.
Although cat HCC has been evaluated in 4 other studies, understand-
ing the timeframe over which cortisol accumulates in the hair in cats
is still not validated, and no other study of cat NCC has been publi-
shed to our knowledge.

Another limitation was that the medical, behavioral, and environmen-
tal data were obtained only through owner reporting, which could have
resulted in bias and inaccurate reporting.”””® Many of the subjective
owner-assessments of cats in our study were not associated with cortisol
concentrations. Results might suggest that some owners were unaware
of their cats' affective states or stress levels. In a study of the perception
of stress in cats, owners did not recognize some important indicators, and
most considered their cats to have a very low stress level.*? Another
study found that owners did not utilize many recommended environmen-
tal modifications and enrichment modalities and were unaware of the
adverse consequences.”” It is also possible that owner reporting is inaccu-
rate when describing environmental enrichment modalities. So that
owners know when to seek further care for their cat, it is important that
they understand the importance of the cat's environment, behaviors
indicative of a cat with good versus poor quality of life, and recognition of
signs of acute and chronic stress. Future studies should consider obtaining
objective laboratory test results to determine health and chronic disease
and a full behavioral evaluation including in-home assessment by a trained
behaviorist or veterinarian to determine the behavioral and mental health
of the cat. Additional studies with larger sample sizes also should be
conducted.

Chronic stress can severely and detrimentally impact the health,

immune system, and welfare of a cat, 27980

yet many cats in a variety
of settings likely experience variable degrees of chronic stress, often
unrecognized and certainly unmeasured.**®! The quantification of
NCC in cats combined with assessment of physical, behavioral, and
environmental factors might improve identification and evaluation of
chronic stress in cats. Although some cats experience acute distress
related to nail trims, this temporary state should not interfere with
measurement of long-term NCC. In addition, simple observational
measures such as unkempt appearance or litterbox issues also can be
monitored to intervene accordingly. Having objective, noninvasive,
and reliable indicators of chronic stress would substantially improve
prevention, intervention, and monitoring strategies, ultimately sub-
stantially improving the welfare of cats. The variability of HCC in indi-
vidual cats warrants caution be used when evaluating this

measurement in studies of chronic stress in cats.

ACKNOWLEDGMENT

This work was funded by the Winn Feline Foundation/Miller Trust as
the 2017 New Feline Investigator Award in memory of Fred
Jacobberger. This paper was presented in part as a poster at the 2019
American Association of Feline Practitioners Annual Conference in San
California. The thank the late Dr Mark
L. Laudenslager, Robert Shelton, and the University of Colorado Behav-

Francisco, authors

ioral Immunology and Endocrinology Laboratory for performing the corti-
sol extraction, processing, and assay procedures. The authors also thank
Dr Jerrold Meyer for his consultation and guidance and Drs Angelina Pic-

coli and Louana Cheung for their assistance during sample collection.

CONFLICT OF INTEREST DECLARATION

Authors declare no conflict of interest.

OFF-LABEL ANTIMICROBIAL USE DECLARATION
Authors declare no off-label use of antimicrobials.

INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE
(IACUC) OR OTHER APPROVAL DECLARATION
The Colorado State University College of Veterinary Medicine and

Biomedical Sciences Clinical Review Board approved this protocol.

HUMAN ETHICS APPROVAL DECLARATION
Authors declare human ethics approval was not needed for this study.

ORCID

Elena T. Contreras "= https://orcid.org/0000-0002-4745-7951

Michael R. Lappin "2 https://orcid.org/0000-0003-1605-9667

REFERENCES

1. Stella JL, Lord LK, Buffington CAT. Sickness behaviors in response to
unusual external events in healthy cats and cats with feline interstitial
cystitis. J Am Vet Med Assoc. 2011;238:67-73.

2. Tanaka A, Wagner DC, Kass PH, Hurley KF. Associations among
weight loss, stress, and upper respiratory tract infection in shelter
cats. J Am Vet Med Assoc. 2012;240:570-576.

3. Stella JL, Croney C, Buffington CAT. Effects of stressors on the
behavior and physiology of domestic cats. Appl Anim Behav Sci. 2013;
143:157-163.

4. Karagiannis C. Stress as a risk factor for disease. In: Rodan |, Heath S,
eds. Feline Behavioral Health and Welfare. St. Louis, MO: Elsevier;
2015:138-147.

5. Amat M, Camps T, Manteca X. Stress in owned cats: behavioural changes
and welfare implications. J Feline Med Surg. 2016;18:577-586.

6. Wassink-van der Schot AA, Day C, Morton JM, et al. Risk factors for
behavior problems in cats presented to an Australian companion ani-
mal behavior clinic. J Vet Behav. 2016;14:34-40.

7. Amat M, de la Torre JLR, Fatj6 J, Mariotti VM, van Wijk S, Manteca X.
Potential risk factors associated with feline behaviour problems. Appl
Anim Behav Sci. 2009;121:134-139.

8. Salman MD, Hutchison J, Ruch-Gallie R, et al. Behavioral reasons for
relinquishment of dogs and cats to 12 shelters. J Appl Anim Welf Sci.
2000;3:93-106.

9. Weiss E, Gramann S, Spain CV, et al. Goodbye to a good friend: an
exploration of the re-homing of cats and dogs in the U.S. Open J Anim
Sci. 2015;5:435-456.


https://orcid.org/0000-0002-4745-7951
https://orcid.org/0000-0002-4745-7951
https://orcid.org/0000-0003-1605-9667
https://orcid.org/0000-0003-1605-9667

CONTRERAS ET AL

Journal of Veterinary Internal Medicine AC\%’/IM | 2671

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

McCobb EC, Patronek GJ, Marder A, et al. Assessment of stress levels
among cats in four animal shelters. J Am Vet Med Assoc. 2005;226:
548-555.

Arhant C, Wogritsch R, Troxler J. Assessment of behavior and physi-
cal condition of shelter cats as animal-based indicators of welfare.
J Vet Behav. 2015;10:399-406.

Mariti C, Guerrini F, Vallini V, et al. The perception of cat stress by
Italian owners. J Vet Behav. 2017;20:74-81.

Rodan |, Heath S. Feline Behavioral Health and Welfare. Elsevier Health
Sciences: St. Louis, MO; 2015.

Carlstead K, Brown JL, Strawn W. Behavioral and physiological corre-
lates of stress in laboratory cats. Appl Anim Behav Sci. 1993;38:
143-158.

Schatz S, Palme R. Measurement of faecal cortisol metabolites in cats
and dogs: a non-invasive method for evaluating adrenocortical func-
tion. Vet Res Commun. 2001;25:271-287.

Cook NJ. Review: minimally invasive sampling media and the mea-
surement of corticosteroids as biomarkers of stress in animals. Can J
Anim Sci. 2012;92:227-259.

Sheriff MJ, Dantzer B, Delehanty B, Palme R, Boonstra R. Measuring
stress in wildlife: techniques for quantifying glucocorticoids.
Oecologia. 2011;166:869-887.

Palme R, Rettenbacher S, Touma C, et al. Stress hormones in mam-
mals and birds: comparative aspects regarding metabolism, excretion,
and noninvasive measurement in fecal samples. Ann N Y Acad Sci.
2005;1040:162-171.

Dantzer B, Fletcher QE, Boonstra R, Sheriff MJ. Measures of physio-
logical stress: a transparent or opaque window into the status, man-
agement and conservation of species? Conserv Physiol. 2014;2:1-18.
Kobelt AJ, Hemsworth PH, Barnett JL, Butler KL. Sources of sampling
variation in saliva cortisol in dogs. Res Vet Sci. 2003;75:157-161.
Balcombe JP, Barnard ND, Sandusky C. Laboratory routines cause
animal stress. Contemp Top Lab Anim Sci. 2004;43:42-51.

Davenport MD, Tiefenbacher S, Lutz CK, Novak MA, Meyer JS. Anal-
ysis of endogenous cortisol concentrations in the hair of rhesus
macaques. Gen Comp Endocrinol. 2006;147:255-261.

Homberger DG, Ham K, Ogunbakin T, et al. The structure of the cor-
nified claw sheath in the domesticated cat (Felis catus): implications
for the claw-shedding mechanism and the evolution of cornified digi-
tal end organs. J Anat. 2009;214:620-643.

Mack Z, Fokidis HB. A novel method for assessing chronic cortisol
concentrations in dogs using the nail as a source. Domest Anim
Endocrinol. 2017;59:53-57.

Liu CH, Doan SN. Innovations in biological assessments of chronic
stress through hair and nail cortisol: conceptual, developmental, and
methodological issues. Dev Psychobiol. 2019;61:465-476.

Meyer J, Novak M, Hamel A, et al. Extraction and analysis of cortisol
from human and monkey hair. J Vis Exp. 2014;83:e50882.

Heimbirge S, Kanitz E, Otten W. The use of hair cortisol for the
assessment of stress in animals. Gen Comp Endocrinol. 2019;270:
10-17.

Matas D, Keren-Rotem T, Koren L. A method to determine integrated
steroid levels in wildlife claws. Gen Comp Endocrinol. 2016;230-231:
26-28.

Warnock F, McElwee K, Seo RJ, et al. Measuring cortisol and DHEA
in fingernails: a pilot study. Neuropsychiatr Dis Treat. 2010;6:1-7.
Bryan HM, Adams AG, Invik RM, Wynne-Edwards KE, Smits JE. Hair
as a meaningful measure of baseline cortisol levels over time in dogs.
J Am Assoc Lab Anim Sci. 2013;52:189-196.

Bennett A, Hayssen V. Measuring cortisol in hair and saliva from
dogs: coat color and pigment differences. Domest Anim Endocrinol.
2010;39:171-180.

Accorsi PA, Carloni E, Valsecchi P, et al. Cortisol determination in hair
and faeces from domestic cats and dogs. Gen Comp Endocrinol. 2008;
155:398-402.

Open Access,

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

American College of
Veterinary Internal Medicine

Franchini M, Prandi A, Filacorda S, Pezzin EN, Fanin Y, Comin A. Cor-
tisol in hair: a comparison between wild and feral cats in the north-
eastern Alps. Eur J Wildl Res. 2019;65:90.

Galuppi R, Leveque JFC, Beghelli V, et al. Cortisol levels in cats' hair
in presence or absence of Microsporum canis infection. Res Vet Sci.
2013;95:1076-1080.

Macbeth BJ, Cattet MRL, Stenhouse GB, Gibeau ML, Janz DM. Hair
cortisol concentration as a noninvasive measure of long-term stress
in free-ranging grizzly bears (Ursus arctos): considerations with impli-
cations for other wildlife. Can J Zool. 2010;88:935-949.

Veronesi MC, Comin A, Meloni T, Faustini M, Rota A, Prandi A. Coat
and claws as new matrices for noninvasive long-term cortisol assess-
ment in dogs from birth up to 30 days of age. Theriogenology. 2015;
84:791-796.

Rodan I, Sundahl E, Carney H, et al. AAFP and ISFM feline-friendly
handling guidelines. J Feline Med Surg. 2011;13:364-375.

Acker M, Mastromonaco G, Schulte-Hostedde Al. The effects of body
region, season and external arsenic application on hair cortisol con-
centration. Conserv Physiol. 2018;6:coy037.

Finkler H, Terkel J. Cortisol levels and aggression in neutered and
intact free-roaming female cats living in urban social groups. Physiol
Behav. 2010;99:343-347.

Lafferty DJR, Laudenslager ML, Mowat G, et al. Sex, diet, and the
social environment: factors influencing hair cortisol concentration in
free-ranging black bears (Ursus americanus). PLoS One. 2015;10:
e0141489.

D'Anna-Hernandez KL, Ross RG, Natvig CL, et al. Hair cortisol levels
as a retrospective marker of hypothalamic-pituitary axis activity
throughout pregnancy: comparison to salivary cortisol. Physiol Behav.
2011;104:348-353.

Hoffman MC, D'Anna-Hernandez K, Benitez P, et al. Cortisol during
human fetal life: characterization of a method for processing small
quantities of newborn hair from 26 to 42 weeks gestation. Dev Psy-
chobiol. 2017;59:123-127.

Contreras ET, Hodgkins E, Tynes V, Beck A, Olea-Popelka F,
Lappin MR. Effect of a pheromone on stress-associated reactivation
of feline herpesvirus-1 in experimentally inoculated kittens. J Vet
Intern Med. 2018;32:406-417.

Duffy DL, de Moura RTD, Serpell JA. Development and evaluation of
the Fe-BARQ: a new survey instrument for measuring behavior in
domestic cats (Felis s. catus). Behav Process. 2017;141(pt 3):329-341.
Lin LI. A concordance correlation coefficient to evaluate reproducibil-
ity. Biometrics. 1989;45:255-268.

Bland JM, Altman DG. Statistical methods for assessing agreement
between two methods of clinical measurement. Lancet. 1986;327:
307-310.

Bland JM, Altman DG. Measuring agreement in method comparison
studies. Stat Methods Med Res. 1999;8:135-160.

McBride GB. A Proposal for Strength-of-Agreement Criteria for Lin's
Concordance Correlation Coefficient. NIWA Client Rep HAM2005-
062; 2005:62. National Institute of Water and Atmosphere Research
Ltd, Hamilton, New Zealand.

Da Gracga Pereira G, Fragoso S, Morais D, et al. Comparison of inter-
pretation of cat's behavioral needs between veterinarians, veterinary
nurses, and cat owners. J Vet Behav. 2014;9:324-328.

Baker KP. Hair growth and replacement in the cat. Br Vet J. 1974;
130:327-335.

Hendriks WH, Tarttelin MF, Moughan PJ. Seasonal hair growth in the
adult domestic cat (Felis catus). Comp Biochem Physiol A Physiol. 1997;
116:29-35.

Orentreich N, Markofsky J, Vogelman JH. The effect of aging on the
rate of linear nail growth. J Invest Dermatol. 1979;73:126-130.

Verde M. Canine and feline nail diseases. Proceedings of the NAVC,
Orlando, Florida; 2005. North American Veterinary Conference in
Orlando, Florida.



2672 | Journal of Veterinary Internal Medicine AC\?' M

54.
55.

56.

57.

58.

59.

60.

61.

62.
63.
64.
65.
66.

67.

CONTRERAS ET AL

[Open Access NS

Veterin:

an College of
rnal Medicine

Carlitz EHD, Kirschbaum C, Miller R, Rukundo J, van Schaik CP.
Effects of body region and time on hair cortisol concentrations in
chimpanzees (Pan troglodytes). Gen Comp Endocrinol. 2015;223:
9-15.

Terwissen CV, Mastromonaco GF, Murray DL. Influence of adreno-
corticotrophin hormone challenge and external factors (age, sex, and
body region) on hair cortisol concentration in Canada lynx (Lynx can-
adensis). Gen Comp Endocrinol. 2013;194:162-167.

Roth LSV, Faresjo A, Theodorsson E, Jensen P. Hair cortisol varies
with season and lifestyle and relates to human interactions in German
shepherd dogs. Sci Rep. 2016;6:19631.

Grigg EK, Nibblett BM, Robinson JQ, Smits JE. Evaluating pair versus
solitary housing in kennelled domestic dogs (Canis familiaris) using
behaviour and hair cortisol: a pilot study. Vet Rec Open. 2017;4:
e000193.

Ito N, Ito T, Kromminga A, et al. Human hair follicles display a func-
tional equivalent of the hypothalamic-pituitary-adrenal (HPA) axis
and synthesize cortisol. FASEB J. 2005;19:1332-1334.

Botchkarev VA. Stress and the hair follicle. Am J Pathol. 2003;162:
709-712.

Salaberger T, Millard M, Makarem SE, et al. Influence of external fac-
tors on hair cortisol concentrations. Gen Comp Endocrinol. 2016;233:
73-78.

Jewgenow K, Azevedo A, Albrecht M, Kirschbaum C, Dehnhard M.
Hair cortisol analyses in different mammal species: choosing the
wrong assay may lead to erroneous results. Conserv Physiol. 2020;8:
c0aa009.

Ouschan C, Kuchar A, Méstl E. Measurement of cortisol in dog hair: a
noninvasive tool for the diagnosis of hypercortisolism. Vet Dermatol.
2013;24:428-431.

Chapman RE. Hair, wool, quill, nail, claw, hoof, and horn. In: Bereiter-
Hahn J, Matoltsy AG, Richards KS, eds. Biology of the Integument. Ber-
lin, Germany: Springer; 1986:293-317.

Gonyea W, Ashworth R. The form and function of retractile claws in
the Felidae and other representative carnivorans. J Morphol. 1975;
145:229-238.

Izawa S, Miki K, Tsuchiya M, et al. Cortisol level measurements in fin-
gernails as a retrospective index of hormone production.
Psychoneuroendocrinology. 2015;54:24-30.

Roos H, Vollmerhaus B. Konstruktionsprinzipien an der Vorder- und
Hinterpfote der Hauskatze (Felis catus). 1. Mitteilung: skelett. Anat
Histol Embryol. 2000;29:111-118.

Roos H, Vollmerhaus B. Konstruktionsprinzipien an der Vorder- und
Hinterpfote der Hauskatze (Felis catus). 4. Mitteilung: musk-
elinnervation und Bewegungsanalyse. Anat Histol Embryol. 2005;34:
2-14.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Vollmerhaus B, Roos H. Konstruktionsprinzipien an der Vorder- und
Hinterpfote der Hauskatze (Felis catus). Il Mitteilung: muskulatur.
Anat Histol Embryol. 2001;30:89-105.

Contreras ET, Lappin MR. Quantification and evaluation of cortisol in
feline fur and claws: a novel non-invasive measurement of chronic
stress in cats. J Feline Med Surg. 2020;22:49.

Buffington CAT. External and internal influences on disease risk in
cats. J Am Vet Med Assoc. 2002;220:994-1002.

Beaver BV. Feline grooming behavior. In: Beaver BV, ed. Feline Behav-
ior: A Guide for Veterinarians. 2nd ed. Philadelphia, PA: Saunders;
2003:311-321.

Bennett D, Morton C. A study of owner observed behavioural and
lifestyle changes in cats with musculoskeletal disease before and after
analgesic therapy. J Feline Med Surg. 2009;11:997-1004.

Gilhofer EM, Windschnurer |, Troxler J, Heizmann V. Welfare of feral
cats and potential influencing factors. J Vet Behav. 2019;30:114-123.
Rehnberg LK, Robert KA, Watson SJ, Peters RA. The effects of social
interaction and environmental enrichment on the space use, behav-
iour and stress of owned housecats facing a novel environment. Appl
Anim Behav Sci. 2015;169:51-61.

Holmes MA. Evaluation of the evidence. Vet Clin North Am Small Anim
Pract. 2007;37:447-462.

Taylor JR. Introduction to Error Analysis: The Study of Uncertainties in Physi-
cal Measurements. Sausalito, California: University Science Books; 1997.
Alho AM, Pontes J, Pomba C. Guardians' knowledge and husbandry
practices of feline environmental enrichment. J Appl Anim Welf Sci.
2016;19:115-125.

Donaldson SI, Grant-Vallone EJ. Understanding self-report bias in
organizational behavior research. J Bus Psychol. 2002;17:245-260.
Griffin JFT. Stress and immunity: a unifying concept. Vet Immunol
Immunopathol. 1989;20:263-312.

Westropp JL, Kass PH, Buffington CAT. Evaluation of the effects of
stress in cats with idiopathic cystitis. Am J Vet Res. 2006;67:731-736.
Bradshaw J. Normal feline behaviour: ... and why problem behaviours
develop. J Feline Med Surg. 2018;20:411-421.

How to cite this article: Contreras ET, Vanderstichel R,
Hovenga C, Lappin MR. Evaluation of hair and nail cortisol
concentrations and associations with behavioral, physical, and
environmental indicators of chronic stress in cats. J Vet Intern
Med. 2021;35(6):2662-2672. doi:10.1111/jvim.16283


info:doi/10.1111/jvim.16283

	Evaluation of hair and nail cortisol concentrations and associations with behavioral, physical, and environmental indicator...
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Cats and samples
	2.2  Cortisol extraction and assay
	2.3  Owner questionnaires
	2.4  Statistical analyses

	3  RESULTS
	3.1  Cats and general characteristics
	3.2  HCCs and body locations (n=19)
	3.3  Association between HCC from lumbosacral area and NCC (n=39)
	3.4  HCC from lumbosacral area and associations with behavioral, physical, and environmental factors (n=39)
	3.5  NCC and associations with behavioral, physical, and environmental factors (n=48)

	4  DISCUSSION
	ACKNOWLEDGMENT
	  CONFLICT OF INTEREST DECLARATION
	  OFF-LABEL ANTIMICROBIAL USE DECLARATION
	  INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE (IACUC) OR OTHER APPROVAL DECLARATION
	  HUMAN ETHICS APPROVAL DECLARATION
	REFERENCES


