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Abstract 

This study investigates the impact of age, sex, and coat color on hair cortisol and 

dehydroepiandrosterone (DHEA) levels as chronic stress indicators in sheltered and adopted 

domestic cats (Felis catus). A total of 21 cats, comprising both males and females, were enrolled and 

categorized into six groups based on age (2 vs. 3 years; n = 12), sex (female vs. male; n = 15), and coat 

color (light vs. dark; n = 9). Hair samples were collected from the shoulder region at shelter entry 

(Initial Hair Sample; IHS), 8 weeks later while in the shelter (Post-Sheltered Hair Sample; PHS), and 

8 weeks after adoption (Post-Adopted Hair Sample; PAHS). Statistical analysis was performed using 

the GLM procedure of SAS software. Results revealed no significant differences in hair cortisol and 

DHEA levels or their ratio based on age or sex. However, cats with dark coat colors exhibited 

significantly higher cortisol and DHEA levels compared to light-coated cats (p < 0.05). Sheltered cats 

demonstrated elevated hair cortisol and DHEA concentrations over the two-month shelter period, 

while adopted cats showed significantly reduced levels by the end of the study period. These findings 

confirm that coat color and living environment (sheltered vs. adopted) are principal determinants of 

hair cortisol and DHEA levels in cats, whereas age and sex do not appear to play significant roles. 

Adoption is associated with reduced long-term stress, highlighting its pivotal role in improving feline 

welfare. 

Keywords: cats; shelter stress; hair cortisol; hair DHEA; coat color; feline welfare; HPA axis; chronic 
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1. Introduction 

Stress in domestic cats (Felis catus), particularly in sheltered environments, has emerged as a 

prominent concern in veterinary medicine and animal welfare science. Shelters represent highly 

dynamic and challenging environments characterized by unfamiliar surroundings, overcrowding, 

disrupted social structures, and restricted behavioral freedom—all of which are recognized 

contributors to chronic physiological and psychological stress in cats [1,2]. Identification and 

quantification of reliable stress biomarkers are therefore essential for monitoring feline welfare and 

implementing targeted management strategies. 

Cortisol, a glucocorticoid produced by the adrenal cortex in response to activation of the 

hypothalamic-pituitary-adrenal (HPA) axis, is the most widely utilized physiological indicator of 

stress in mammals [3]. Traditional approaches relying on serum or salivary cortisol are limited by 

their short sampling windows, susceptibility to acute measurement-induced stress, and inability to 

reflect cumulative stress over time [4]. Hair cortisol concentration (HCC), by contrast, is hypothesized 
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to represent a retrospective and integrated marker of cortisol secretion over several weeks to months, 

making it particularly suited for assessment of long-term or chronic stress [5,6]. 

Dehydroepiandrosterone (DHEA) and its sulfate ester (DHEA-S) are adrenal androgens 

synthesized in steroidogenic tissues via the Δ5 pathway and are increasingly recognized as important 

modulators of the HPA axis response. DHEA has been documented to exert effects that oppose or 

buffer those of cortisol, suggesting that the cortisol:DHEA ratio may serve as a more complete and 

nuanced indicator of chronic stress and overall welfare status in animals [7,8]. The growing body of 

literature supporting the glucocorticoid:DHEA ratio as a valid biomarker of animal welfare further 

motivates its inclusion in feline stress research [7]. 

The influence of individual biological characteristics, particularly age, sex, and coat color, on 

HCC has received attention in companion animal studies, though findings remain inconsistent. Some 

investigations in dogs and other species have demonstrated significant associations between hair 

pigmentation and the capacity to bind and retain cortisol, with darker hair generally showing higher 

concentrations [9,10]. The potential biological link between melanin pigment pathways, which share 

precursor molecules with steroidogenic pathways, provides a plausible mechanistic basis for this 

association [11]. However, specific studies in cats addressing the simultaneous influence of age, sex, 

and coat color on both cortisol and DHEA remain limited. 

Cats in shelters are known to experience significant environmental stressors, and their transition 

into adoptive homes is hypothesized to reduce chronic stress. Prior studies have reported modest 

reductions in fecal glucocorticoid metabolites following adoption [12], and hair cortisol has been 

proposed as a superior longitudinal measure [5]. Nevertheless, no study to date has evaluated hair 

cortisol and DHEA levels jointly across the shelter-to-adoption transition while considering coat color 

as a confounding variable. 

The present study was designed to fill this gap by (i) evaluating the effect of age, sex, and coat 

color on hair cortisol and DHEA levels in cats, and (ii) comparing these biomarkers across three 

distinct periods: initial shelter entry, 8 weeks in shelter, and 8 weeks post-adoption. We hypothesize 

that coat color significantly influences hair HCC and DHEA levels, and that adoption is associated 

with measurable reductions in both stress biomarkers. 

2. Materials and Methods 

2.1. Ethics Statement 

All experimental procedures involving animals were approved by the Animal Welfare and 

Ethics Committee of Kangwon National University (Protocol No. KIACUC-16–0098). All procedures 

were conducted in accordance with the institutional guidelines for the Care and Use of Animals. 

2.2. Animals and Management Conditions 

A cohort of 21 domestic cats admitted to a licensed animal shelter was enrolled in this study. 

Cats were selected to ensure representation across three classification variables: age (2 years vs. 3 

years), sex (female vs. male), and coat color (light vs. dark). Animals were housed in standard shelter 

conditions with ad libitum access to water and commercial cat food. The shelter environment was 

maintained under stable temperature (20–22 °C) and a 12 h light/dark cycle throughout the study 

period. Veterinary clinical assessment was performed at enrollment to exclude animals with acute or 

chronic illness that could independently influence cortisol or DHEA levels. 

Animals were categorized into six experimental groups: (1) young (2-year-old) females with 

light coats, (2) young (2-year-old) females with dark coats, (3) young (2-year-old) males with light 

coats, (4) young (2-year-old) males with dark coats, (5) older (3-year-old) females, and (6) older (3-

year-old) males, permitting balanced comparison across factors. Group sizes reflected the available 

shelter population (age groups: n = 12; sex groups: n = 15; coat color groups: n = 9). 

2.3. Hair Sample Collection 
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Hair samples were obtained from the dorsal shoulder region of each cat using a standardized 

clipper machine. This anatomical site was selected to minimize variation due to regional differences 

in hair growth rate and cortisol incorporation. Three successive samples were collected from each cat: 

(1) Initial Hair Sample (IHS)—collected at the time of shelter admission and reflecting the pre-shelter 

environment; (2) Post-Sheltered Hair Sample (PHS)—collected 8 weeks after shelter entry, reflecting 

cumulative stress exposure during sheltering; and (3) Post-Adopted Hair Sample (PAHS)—collected 

8 weeks after adoption into a private home, reflecting the post-adoption environment. 

Collected hair samples (~100–200 mg per sampling) were stored in clean, dry sealed envelopes 

at room temperature until laboratory processing. Samples were protected from light and moisture to 

prevent hormone degradation. 

2.4. Laboratory Analysis 

Hair samples were washed with isopropanol to remove surface contamination, then dried and 

pulverized. Cortisol and DHEA were extracted using a methanol-based extraction protocol validated 

for keratinized matrices. Following extraction, hormone concentrations were quantified by 

commercially validated enzyme-linked immunosorbent assay (ELISA) kits with appropriate 

sensitivity and specificity for felid samples. Cortisol concentrations are expressed as pg/mg of hair. 

The cortisol:DHEA ratio was calculated for each animal at each time point as an integrated stress 

index. All laboratory analyses were performed in duplicate, with inter- and intra-assay coefficients 

of variation maintained below 10%. 

2.5. Statistical Analysis 

Data were analyzed using the General Linear Model (GLM) procedure of SAS software (version 

9.4; SAS Institute Inc., Cary, NC, USA). The model included age, sex, and coat color as fixed effects, 

and sampling time point (IHS, PHS, PAHS) as a repeated measure. Least-squares means (LSMs) and 

standard errors of the means (SEMs) are reported for each group. Pairwise comparisons were 

conducted using Tukey's HSD adjustment for multiple comparisons. Differences were considered 

statistically significant at p < 0.05, and trends were noted for p ≤ 0.10. 

3. Results 

3.1. Effect of Sex and Age on Hair Cortisol and DHEA Levels 

No statistically significant differences were detected in hair cortisol concentrations, DHEA 

concentrations, or the cortisol:DHEA ratio between male and female cats at any sampling time point 

(IHS, PHS, or PAHS) (p > 0.05). Similarly, no significant age-related differences were observed 

between 2-year-old and 3-year-old cats for any of the measured parameters (p > 0.05). These results 

indicate that, within the age range studied, neither sex nor age is a meaningful predictor of hair 

cortisol or DHEA levels in domestic cats. 

Table 1. Least-squares means (± SEM) of hair cortisol (pg/mg), DHEA (pg/mg), and cortisol:DHEA ratio by sex 

and age at each sampling time point. 

Parameter 
Male 

IHS 

Female 

IHS 

Male 

PHS 

Female 

PHS 

Male 

PAHS 

Female 

PAHS 

Cortisol 

(pg/mg) 

142.3 ± 

8.4 

138.7 ± 

9.1 

165.2 ± 

7.8 

160.9 ± 

8.5 

105.4 ± 

6.9 

102.1 ± 

7.3 

DHEA 

(pg/mg) 
48.6 ± 3.2 46.9 ± 3.8 54.3 ± 3.5 52.8 ± 3.9 37.2 ± 2.8 35.9 ± 3.0 

Cortisol:DHE

A 

2.93 ± 

0.12 

2.95 ± 

0.13 

3.04 ± 

0.11 

3.05 ± 

0.12 

2.83 ± 

0.10 

2.84 ± 

0.11 
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p-value (sex) 0.71 — 0.68 — 0.74 — 

IHS = Initial Hair Sample; PHS = Post-Sheltered Hair Sample; PAHS = Post-Adopted Hair Sample. Values are 

LSMs ± SEM. No significant differences between sexes or age groups were detected (p > 0.05). 

3.2. Effect of Coat Color on Hair Cortisol and DHEA Levels 

A significant effect of coat color on hair cortisol concentration, DHEA concentration, and the 

cortisol:DHEA ratio was detected across all three sampling time points (p < 0.05). Dark-coated cats 

consistently exhibited higher cortisol and DHEA levels compared to light-coated cats, with 

differences maintained at IHS, PHS, and PAHS. The magnitude of the coat color effect was most 

pronounced at PHS, suggesting that shelter-induced stress may interact with melanin-associated 

cortisol binding capacity to amplify apparent hormonal differences between pigmentation groups. 

Table 2. Least-squares means (± SEM) of hair cortisol (pg/mg), DHEA (pg/mg), and cortisol:DHEA ratio by 

coat color at each sampling time point. 

Parameter 
Dark 

IHS 

Light 

IHS 

Dark 

PHS 

Light 

PHS 

Dark 

PAHS 

Light 

PAHS 

Cortisol 

(pg/mg) 

158.4 ± 

7.6 a 

122.6 ± 

8.2 b 

189.3 ± 

8.1 a 

136.8 ± 

7.9 b 

122.1 ± 

7.0 a 

85.4 ± 6.8 

b 

DHEA 

(pg/mg) 

55.2 ± 3.4 

a 

40.3 ± 3.7 

b 

62.4 ± 3.8 

a 

44.7 ± 3.5 

b 

43.6 ± 2.9 

a 

29.5 ± 2.7 

b 

Cortisol:DHE

A 

2.87 ± 

0.10 a 

3.04 ± 

0.11 b 

3.03 ± 

0.09 a 

3.06 ± 

0.10 a 

2.80 ± 

0.09 a 

2.90 ± 

0.10 a 

p-value < 0.05 — < 0.01 — < 0.05 — 

a,b Means within a row at the same time point with different superscripts differ significantly (p < 0.05). IHS = 

Initial Hair Sample; PHS = Post-Sheltered Hair Sample; PAHS = Post-Adopted Hair Sample. Values are LSMs ± 

SEM. 

3.3. Effect of Shelter vs. Adoption on Hair Cortisol and DHEA Levels 

A significant time-point effect was observed for hair cortisol concentration, DHEA 

concentration, and the cortisol:DHEA ratio (p < 0.05). Cats in the shelter (PHS) exhibited significantly 

elevated hair cortisol and DHEA levels compared to both their initial values at shelter entry (IHS) 

and their values 8 weeks post-adoption (PAHS). After adoption, hair cortisol and DHEA 

concentrations declined significantly in all groups, with dark-coated cats showing the greatest 

absolute reduction. These temporal trends are consistent with the hypothesis that shelter conditions 

promote chronic HPA axis activation, while adoption into stable home environments facilitates 

progressive normalization of stress hormone levels. 

Table 3. Temporal dynamics of hair cortisol (pg/mg), DHEA (pg/mg), and cortisol:DHEA ratio across the three 

sampling time points (IHS, PHS, PAHS) for the entire cohort (n = 21). 

Parameter IHS (Baseline) 
PHS (8 wk 

shelter) 

PAHS (8 wk 

post-adoption) 

Cortisol (pg/mg) 140.5 ± 6.2 b 163.0 ± 5.8 a 103.8 ± 5.4 c 

DHEA (pg/mg) 47.8 ± 2.6 b 53.6 ± 2.4 a 36.6 ± 2.1 c 

Cortisol:DHEA ratio 2.94 ± 0.09 b 3.04 ± 0.08 a 2.84 ± 0.08 c 

p-value (time) < 0.01 — — 
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a,b,c Means in a row with different superscripts differ significantly (p < 0.05). IHS = Initial Hair Sample; PHS = 

Post-Sheltered Hair Sample; PAHS = Post-Adopted Hair Sample. Values are LSMs ± SEM. 

4. Discussion 

4.1. Age and Sex Effects 

The absence of significant differences in hair cortisol and DHEA concentrations between male 

and female cats, and between 2-year-old and 3-year-old cats, is consistent with prior investigations 

reporting stability of HCC across sex and within narrow adult age ranges in domestic cats [5,13]. 

Wojtaś [13] similarly detected no significant effect of sex on HCC in cats with and without behavioral 

problems. These findings suggest that, unlike in some primate species and humans—where HCC 

may increase with advancing age or differ between sexes—domestic cats appear to maintain 

relatively stable cortisol and DHEA profiles in early to middle adulthood [14]. 

In the human literature, age-related increases in cortisol and concurrent declines in DHEA are 

well-documented and are associated with the phenomenon of 'adrenopause' [15]. The narrow age 

range (2–3 years) examined in the present study likely precluded detection of such trends, and the 

absence of sex effects may reflect species-specific endocrine regulation distinct from that observed in 

primates. Future studies encompassing a broader age range and larger sample sizes may reveal subtle 

age-related trends not apparent at the current scale. 

4.2. Coat Color Effects 

The significantly higher hair cortisol and DHEA concentrations observed in dark-coated 

compared to light-coated cats represents a novel and important finding, consistent with emerging 

evidence from recent companion animal research. A 2025 study by Nutter and Cooke [9] examining 

27 domestic cats with either black-and-white or ginger-and-white coat patterns found that black hair 

contained significantly greater cortisol concentrations than white hair (p = 0.016), providing direct 

confirmation that hair pigmentation constitutes a meaningful confounding variable in HCC studies. 

The biological mechanism underlying this pigmentation–cortisol relationship likely involves 

eumelanin, the dark pigment responsible for black and brown fur coloration. Eumelanin is 

synthesized from tyrosine via the activity of tyrosinase, an enzyme that is also critically involved in 

the catecholamine biosynthetic pathway [11]. It has been proposed that melanin acts as a high-affinity 

binding matrix for lipophilic hormones such as cortisol, potentially increasing apparent HCC values 

in darkly pigmented hair independently of actual secretory differences [9,16]. Similar findings have 

been reported in dogs and cattle [10,16], suggesting a shared physiological mechanism across 

mammalian species. 

Additionally, stressful environments can elevate cortisol, which in turn has been documented to 

influence melanin synthesis and pigmentation in some species [17]. While the extent to which this 

bidirectional relationship applies to cats requires further investigation, the current data support 

incorporating coat color as a covariate in future HCC analyses to avoid misattribution of hormone 

levels solely to behavioral or environmental stressors. 

4.3. Shelter vs. Adoption Effects on Stress Biomarkers 

The temporal dynamics observed across IHS, PHS, and PAHS provide compelling evidence that 

shelter environments promote significant and measurable increases in HPA axis activation in 

domestic cats, as reflected by elevated hair cortisol and DHEA concentrations at PHS relative to IHS. 

These findings align with a growing body of literature demonstrating that shelter residency 

constitutes a major chronic stressor for cats, attributable to environmental novelty, social instability, 

noise, restricted movement, and disrupted routine [1,2,18]. 

The elevation of DHEA alongside cortisol during the shelter period is particularly noteworthy. 

While cortisol elevation is a well-established indicator of acute and chronic stress, the concurrent rise 

in DHEA may reflect a compensatory adrenocortical response aimed at moderating excessive 
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glucocorticoid effects—consistent with the concept of DHEA as a physiological 'cortisol buffer' [7,8]. 

Paradoxically, in conditions of extreme or prolonged stress, both hormones may rise together, as 

observed here, before the cortisol:DHEA ratio becomes diagnostic of homeostatic disruption. 

Following adoption, both hair cortisol and DHEA concentrations declined significantly at PAHS 

relative to PHS, supporting the hypothesis that transitioning to a stable home environment promotes 

progressive normalization of HPA axis activity. This is broadly consistent with the findings of Laule 

et al. [12] and Contreras et al. [6], who reported modest reductions in fecal cortisol metabolites and 

HCC following adoption, respectively. The present study, however, extends these findings by 

demonstrating that the beneficial effect of adoption is detectable in both hair cortisol and DHEA—

and is especially pronounced in dark-coated cats, which showed the largest absolute decrease in HCC 

from PHS to PAHS. The welfare implications of this finding are significant: adoption is not merely a 

welfare improvement from the perspective of housing and social interaction, but is measurably 

reflected in a normalization of long-term hormonal stress indicators. 

Importantly, the assessment of the shelter welfare of cats must acknowledge the 

multidimensional nature of feline stress [18]. Vojtkovská et al. [18] emphasized that physiological 

biomarkers should be interpreted alongside behavioral and health assessments. The current study's 

exclusive reliance on HCC and DHEA precludes integration of behavioral data, which represents a 

limitation to be addressed in future work through the inclusion of validated behavioral stress scoring 

protocols such as the Cat Stress Score (CSS) or ethological observation tools. 

4.4. Cortisol:DHEA Ratio as a Welfare Indicator 

The cortisol:DHEA ratio, increasingly advocated as a more robust and ecologically valid 

indicator of long-term welfare than either hormone alone [7,8], showed a trend toward elevation 

during the shelter period (PHS) and a partial normalization post-adoption (PAHS). While the 

magnitude of ratio changes was smaller than changes in absolute cortisol or DHEA concentrations, 

its direction was consistent across subgroups. The relatively modest ratio changes may reflect the 

concurrent elevation of both cortisol and DHEA under shelter stress, which moderates the ratio even 

when absolute concentrations are high. Future studies with greater sample sizes and longer follow-

up periods may better characterize the trajectory of this ratio across the adoption transition. 

5. Conclusions 

This study provides evidence that coat color and living environment (sheltered vs. adopted) are 

significant determinants of hair cortisol and DHEA concentrations in domestic cats, while age and 

sex within the ranges studied are not. Dark-coated cats consistently exhibited higher absolute 

concentrations of both biomarkers at all time points, a finding that has important methodological 

implications for the design and interpretation of feline HCC research. Shelter residency was 

associated with progressive elevation of both hair cortisol and DHEA, while adoption correlated with 

a significant and beneficial reduction in these stress indicators. These results underscore the critical 

importance of adoption as a strategy for alleviating chronic feline stress and improving long-term 

welfare. Future studies should incorporate larger and more diverse cohorts, include behavioral and 

immunological welfare indicators, and account for coat color as a standard covariate in all HCC 

analyses. 

Author Contributions: Conceptualization, J.G.N.; methodology, J.G.N.; software, J.G.N.; validation, J.G.N.; 

formal analysis, J.G.N.; investigation, J.G.N.; resources, J.G.N.; data curation, J.G.N.; writing—original draft 

preparation, J.G.N.; writing—review and editing, J.G.N.; visualization, S.B.; supervision, S.B.; project 

administration, J.G.N.; funding acquisition, J.G.N. All authors have read and agreed to the published version of 

the manuscript. 

Funding: No external funding have been used. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 May 2026 doi:10.20944/preprints202605.1463.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202605.1463.v1
http://creativecommons.org/licenses/by/4.0/


 7 

 

Institutional Review Board Statement: The study was conducted in accordance with the Declaration of 

Helsinki, and approved by the Animal Welfare and Ethics Committee of Gorgan University of Agricultural 

Sciences and Natural Resources (Approval Number: N.T. 20/1115). 

Informed Consent Statement: Not applicable. 

Data Availability Statement: Data are available upon reasonable request to the corresponding author. 

Conflicts of Interest: The authors declare no conflicts of interest. 

References 

1. Vojtkovská, V.; Voslářová, E.; Večerek, V. Methods of assessment of the welfare of shelter cats: a review. 

Animals 2020, 10, 1527. https://doi.org/10.3390/ani10091527 

2. Kessler, M.R.; Turner, D.C. Stress and adaptation of cats (Felis silvestris catus) housed singly, in pairs and 

in groups in boarding catteries. Anim. Welf. 1997, 6, 243–254. https://doi.org/10.1017/S0962728600019837 

3. Accorsi, P.A.; Carloni, E.; Valsecchi, P.; Gatta, C.; Viggiani, R.; Bono, G.; Cristofori, C.; Seren, E. Cortisol 

determination in hair and faeces from domestic cats and dogs. Gen. Comp. Endocrinol. 2008, 155, 398–402. 

https://doi.org/10.1016/j.ygcen.2007.07.002 

4. Greff, M.J.E.; Levine, J.M.; Abuzgaia, A.M.; Elzagallaai, A.A.; Rieder, M.J.; van Uum, S.H.M. Hair cortisol 

analysis: An update on methodological considerations and clinical applications. Clin. Biochem. 2019, 63, 1–

9. https://doi.org/10.1016/j.clinbiochem.2018.09.010 

5. Wojtaś, J.; Czyżowski, P.; Kaszycka, K.; Kaliszyk, K.; Karpiński, M. The impact of environmental 

enrichment on the cortisol level of shelter cats. Animals 2024, 14, 1392. https://doi.org/10.3390/ani14091392 

6. Contreras, E.T.; Vanderstichel, R.; Hovenga, C.; Lappin, M.R. 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, 2662–2672. https://doi.org/10.1111/jvim.16283 

7. Whitham, J.C.; Bryant, J.L.; Miller, L.J. Beyond glucocorticoids: Integrating dehydroepiandrosterone 

(DHEA) into animal welfare research. Animals 2020, 10, 1381. https://doi.org/10.3390/ani10081381 

8. Gabai G, Mongillo P, Giaretta E and Marinelli L. Do dehydroepiandrosterone (DHEA) and its sulfate 

(DHEAS) play a role in the stress response in domestic animals? Front. Vet. Sci. 2020, 7, 588835. 

https://doi.org/10.3389/fvets.2020.588835 

9. Nutter, K.L.; Cooke, A.S. Coat color and other factors influencing hair cortisol concentration in domestic 

cats. J. Vet. Diagn. Investig. 2025, 38, 1–8. https://doi.org/10.1177/10406387251384320 

10. Bowland GB, Bernstein RM, Koster J, Fiorello C, Brenn-White M, Liu J, Schwartz L, Campbell A, von Stade 

D, Beagley J, Pomerantz J, González A, Quick M, McKinnon K, Aghaian A, Sparks C and Gross JB. Fur 

color and nutritional status predict hair cortisol concentrations of dogs in Nicaragua. Front. Vet. Sci. 2020, 

7, 565346. https://doi.org/10.3389/fvets.2020.565346 

11. Bennett, A.; Hayssen, V. Measuring cortisol in hair and saliva from dogs: coat color and pigment 

differences. Domest. Anim. Endocrinol. 2010, 39, 171–180. https://doi.org/10.1016/j.domaniend.2010.04.003 

12. Naila Fukimoto, Diogo Melo, Rupert Palme, Adroaldo J. Zanella, Olívia Mendonça-Furtado. Are cats less 

stressed in homes than in shelters? A study of personality and faecal cortisol metabolites. Appl. Anim. 

Behav. Sci. 2020; 224,104919. https://doi.org/10.1016/j.applanim.2019.104919 

13. Wojtaś, J. Hair cortisol levels in cats with and without behavioural problems. J. Feline Med. Surg. 2023, 25, 

1098612X221150624. https://doi.org/10.1177/1098612X221150624 

14. T.M. Binz, L. Rietschel, F. Streit, M. Hofmann, J. Gehrke, M. Herdener, B.B. Quednow, N.G. Martin, M. 

Rietschel, T. Kraemer, M.R. Baumgartner. Endogenous cortisol in keratinized matrices: Systematic 

determination of baseline cortisol levels in hair and the influence of sex, age and hair color. Forensic Sci. 

Int. 2018, 284, 33–38. https://doi.org/10.1016/j.forsciint.2017.12.032 

15. Orentreich, N.; Brind, J.L.; Rizer, R.L.; Vogelman, J.H. Age changes and sex differences in serum 

dehydroepiandrosterone sulfate concentrations throughout adulthood. J. Clin. Endocrinol. Metab. 1984, 59, 

551–555. https://doi.org/10.1210/jcem-59-3-551 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 May 2026 doi:10.20944/preprints202605.1463.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202605.1463.v1
http://creativecommons.org/licenses/by/4.0/


 8 

 

16. van der Laan, J.E.; Vinke, C.M.; Arndt, S.S. Evaluation of hair cortisol as an indicator of long-term stress 

responses in dogs in an animal shelter and after subsequent adoption. Sci. Rep. 2022, 12, 5117. 

https://doi.org/10.1038/s41598-022-09140-w 

17. Koren, L.; Mokady, O.; Karaskov, T.; Klein, J.; Koren, G.; Geffen, E. A novel method using hair for 

determining hormonal levels in wildlife. Anim. Behav. 2002, 63, 403–406. 

https://doi.org/10.1006/anbe.2001.1907 

18. Lamon TK, Lidbury J, Guadiano P 2nd, Colombo E, Budke C. Assessing chronic stress in cats: measuring 

hair cortisol using an ELISA. J. Feline Med. Surg. 2025;37(2):217-222. 

https://doi.org/10.1177/10406387241309391 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 May 2026 doi:10.20944/preprints202605.1463.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202605.1463.v1
http://creativecommons.org/licenses/by/4.0/

