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Abstract 
Diabetes mellitus (DM) is a common endocrine diseases in cats. Although treatment 
may offer a favourable prognosis and a potential for remission, disease management 
often encompasses challenges. The overall aim of this thesis was to broaden the 
understanding of DM in cats and contribute to an improved clinical management, 
including aspects related to the cat, the owner, and to the veterinarian.  

A questionnaire sent to owners of cats with DM contributed with information on 
clinical outcomes and owner experiences. Eating predominantly a commercially 
available wet diet increased odds of remission, and remission was associated with a 
better quality of life of the cat. Difficulties and worries associated with DM 
management were common among owners. Interviews demonstrated that both 
owners and veterinarians considered the cat’s quality of life as central, and this, 
together with a strong sense of responsibility, guided reasoning around the cat’s DM 
and treatment. Clinical decision-making was influenced by the human-cat 
relationship, moral values, veterinary-owner communication and other contextual 
factors. Finally, hair cortisol concentration (HCC) was evaluated as a biomarker of 
long-term hypothalamic–pituitary–adrenal (HPA) axis activity and stress. Cats with 
chronic disease, including DM, had higher HCC than healthy cats, suggesting that 
disease and disease management affect HPA-axis activity. Combing demonstrated 
potential as a low-stress method for hair sampling.  

Together, the four studies provide new insights into the clinical, emotional, and 
ethical dimensions of DM in cats, and highlight the importance of integrating the 
lived experiences of owners, cats and veterinarians in DM management.  

Keywords: Cat, diabetes, wet diet, owner, veterinary, remission, quality of life, non-
invasive, stress, chronic disease 
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Abstract 
Diabetes mellitus (DM) är en vanlig endokrin sjukdom hos katter. Vid behandling 
kan prognosen vara gynnsam och med möjlighet till remission, men sjukdomen kan 
också innebära utmaningar. Det övergripande syftet med avhandlingen var att bidra 
till en djupare förståelse av hanteringen av DM hos katt och förbättra den kliniska 
hanteringen, inkluderande aspekter relaterade till katten, ägaren och veterinären. 

En enkät skickad till ägare av katter med DM undersökte sjukdomsutfall och 
ägarnas upplevelser. Katter som främst åt kommersiellt tillgänglig blötmat hade 
högre odds för remission, och remission var kopplad till bättre livskvalitet hos 
katten. Det var vanligt för ägare att uppleva svårigheter och oro kopplade till 
sjukdomen och behandlingen. Intervjuer visade hur både ägare och veterinärer 
betraktade kattens livskvalitet som central, och detta tillsammans med en stark 
ansvarskänsla styrde resonemang kring kattens behandling. Kliniska beslut 
påverkades av relationen mellan människa och katt, moraliska värderingar, 
kommunikation mellan veterinär och ägare och andra kontextuella faktorer. 
Slutligen utvärderades hårkortisolkoncentration (HCC) som en biomarkör för 
långvarig aktivitet över hypotalamus-hypofys-binjureaxeln (HPA-axeln) och stress. 
Katter med kronisk sjukdom, inklusive DM, hade högre HCC än friska katter, vilket 
kan innebära att sjukdom i sig och behandling påverkar aktiviteten över HPA-axeln. 
Kamning visade potential som en lågstressmetod för hårprovtagning.  

Tillsammans ger de fyra studierna nya insikter i kliniska, känslomässiga och 
etiska dimensioner av DM hos katt och belyser vikten av att integrera perspektiv från 
både ägare, katt och veterinär i den kliniska hanteringen. 

Nyckelord: Katt, diabetes, blötmat, ägare, veterinär, remission, livskvalitet, icke-
invasiv, stress, kronisk sjukdom 
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Cats have been an important part of human life for thousands of years 
(Clutton-Brock, 2002, Driscoll et al., 2007). Initially their presence was 
primarily in the form of vermin control, but as domestication proceeded they 
shifted from outdoor life to sharing the home and lifestyle of humans. In 
2024, is was estimated that every fifth household in Sweden shelters at least 
one cat, a number that had increased compared to previous estimates (SKK, 
2024). Domestic cats can reach high ages, reflected in the age of insured cats 
(Egenvall et al., 2009, Bonnett and Egenvall, 2010) and cats attending 
veterinary practices (O’Neill et al., 2015). Suggested reasons for this 
includes the advances of veterinary medicine and the acceptance and 
willingness of owners to engage in medical care for their cat (Egenvall et al., 
2009, Ray et al., 2021). With risk factors including higher age (Prahl et al., 
2007, Öhlund et al., 2015, O'Neill et al., 2016) obesity and a sedentary 
lifestyle (Prahl et al., 2007, Slingerland et al., 2009, Sallander et al., 2012, 
Öhlund et al., 2017), diabetes mellitus is emerging as one of the most 
common endocrine diseases in cats, with disease prevalence varying from 
0.25% to 1 % in studied populations (Panciera et al., 1990, McCann et al., 
2007, Prahl et al., 2007, Lederer et al., 2009, Waite et al., 2025). 
Management of diabetes mellitus may entail challenges for both owner and 
cat, as well as for veterinary professionals.  

1.1 Aetiology and risk factors for diabetes mellitus  
Diabetes mellitus (DM) is a syndrome of glucose dysregulation. It is 
characterised by persistent hyperglycaemia caused by either impaired insulin 
secretion by pancreatic β-cells, inadequate insulin action on target tissues, or 
a combination of both (American Diabetes Association, 2013).  

1. Introduction 
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In cats, DM has a heterogeneous aetiology. Even though the exact cause 
remains unknown, various factors are believed to contribute to disease 
development, leading to a progressive loss of β-cell function and secretion 
of adequate insulin to maintain euglycaemia (Appleton et al., 2001, 
American Diabetes Association, 2013, Gostelow and Hazuchova, 2023). 
Glucotoxicity, referring to the detrimental effect of persistent 
hyperglycaemia on β-cells and their function, is believed to contribute to 
disease progression in cats, as it does in humans (Zini et al., 2009, Bensellam 
et al., 2012, Link et al., 2013). An aetiologic classification of causes related 
to β-cell function and target organ function has been proposed (Niessen, 
2022), rather than the umbrella term of feline type 2 DM, recognising the 
diversity in causes of DM in cats. Co-morbidities like hypersomatotropism 
and hyperadrenocorticism have been linked to DM development, and the 
former seems far more common than the latter, although it is often 
overlooked in the clinical setting (Blois et al., 2010, Niessen et al., 2015, 
Guse et al., 2024). Pancreatitis and DM may coexist in cats (Saunders et al., 
2002, Zini et al., 2015), but the direction of the effect one has on the other 
has yet to be established (Zini et al., 2009, Davison, 2015).  

Risk factors for DM development include modifiable factors such as body 
condition, activity level, and the cat receiving certain drugs; and non-
modifiable factors such as increased age, sex, breed, and genetic 
susceptibility. The function of pancreatic β-cells and their ability to adapt 
insulin secretion to meet and compensate for increasing peripheral demands 
seem to be central in DM development (O'Brien et al., 1986, Appleton et al., 
2001), and not all cats that have risk factors for the disease develop DM.  

A major contributor to decreased insulin sensitivity in target organs 
(Hoenig et al., 2013), overweight and obesity are perhaps the most 
recognised risk factors for DM (Scarlett and Donoghue, 1998, Scott-
Moncrieff, 2010, Öhlund et al., 2017), with a four-fold increased risk of DM 
development in overweight cats (Scarlett and Donoghue, 1998). Regarding 
the role of diet, findings are conflicting (Slingerland et al., 2009, Verbrugghe 
and Hesta, 2017, Öhlund et al., 2017), and further research is needed to 
elucidate the effect of macronutrients and food intake on glucose metabolism 
and DM development. An association between dry food diet and an increased 
risk of DM in normal-weight cats was seen, suggesting a higher 
susceptibility for long-term post-prandial hyperglycaemia and following β-
cell exhaustion in these cats (Öhlund et al., 2017). However, other 
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associations between diet and DM development may instead be linked to 
overweight and obesity as a result of dietary composition and feeding habits 
(Scarlett and Donoghue, 1998, Rand et al., 2004, Slingerland et al., 2009, 
Öhlund et al., 2018). Other modifiable risk factors include eating behaviour 
(Lederer et al., 2003, Öhlund et al., 2017), lifestyle factors (Slingerland et 
al., 2009, Öhlund et al., 2017), and the administration of drugs with 
diabetogenic properties (Lederer et al., 2003, McCann et al., 2007, Lowe et 
al., 2009, Slingerland et al., 2009, Nerhagen et al., 2021).  

Most cats are middle-aged when diagnosed (Panciera et al., 1990, Prahl 
et al., 2007, Öhlund et al., 2015, Guse et al., 2025), and neutered male cats 
have an increased risk of DM (McCann et al., 2007, Öhlund et al., 2017, 
Waite et al., 2025). This may possibly be related to a predisposition to obesity 
(Lund et al., 2005, Öhlund et al., 2018), increased glucose resistance as 
compared to female cats (Appleton et al., 2001), or an increased likelihood 
of hypersomatotropism (Niessen et al., 2015). Neutered cats are more likely 
to develop DM compared to intact cats, likely an effect of the decrease in 
energy requirements and increase in food intake following gonadectomy 
(Hoenig and Ferguson, 2002, Prahl et al., 2007). Some breeds, including 
Burmese, Russian Blue and Norwegian Forest Cats, seem predisposed to DM 
(Prahl et al., 2007, Lederer et al., 2009, Öhlund et al., 2015, Öhlund et al., 
2017), and in one study, domestic cats had a slightly higher risk of DM 
compared to pedigree cats (Öhlund et al., 2017).  

1.2 Clinical features and diagnosis 
Classical clinical signs of DM are a result of persistent hyperglycaemia and 
following glucosuria, and are thus by themselves not indicative of the cause 
of DM. The severity of clinical signs depends on disease progress, and while 
polyuria, polydipsia, weight loss and lethargy are commonly reported by 
owners (Schaer, 1977, Crenshaw and Peterson, 1996), excessive weakness, 
decreased appetite and gastrointestinal signs are examples of clinical signs 
associated with more longstanding or severe disease stages and diabetic 
ketoacidosis (Cooper et al., 2015).  

For DM diagnosis, confirmation of hyperglycaemia is usually combined 
with the presence of clinical signs (Sparkes et al., 2015, Behrend et al., 2018). 
Glucose can be measured in blood, interstitial fluid and urine. As a response 
to stress, cats can develop a rapid short-term elevation in blood glucose (BG) 
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concentrations, known as ‘stress hyperglycaemia’ (Rand et al., 2002). This 
may complicate the establishment of a DM diagnosis. Therefore, 
confirmation of persistent hyperglycaemia or glucosuria is recommended 
(Crenshaw et al., 1996, Niessen et al., 2022), to lower the risk of wrongly 
diagnosing DM based on transient stress-induced hyperglycaemia. One 
common approach is to measure serum fructosamine, a glycated serum 
protein considered representative of the average BG concentration during the 
preceding weeks of the test (Crenshaw et al., 1996, Link and Rand, 2008).  

In cases of elevated BG without clinical signs of DM, alterations in 
glycated proteins, or glucosuria, DM can be classified as subclinical if stress-
induced hyperglycaemia has been ruled out (Niessen et al., 2022). To date, 
no validated test exists to determine whether cats are at risk of developing 
DM (Gostelow and Hazuchova, 2023).  

1.3 Disease management  
DM management is heavily dependent on the active participation of the 
owner and includes administration of hypoglycaemic agents, dietary 
modifications, lifestyle interventions and at-home assessment. In addition, 
other diseases and conditions that affect glycaemic homeostasis should be 
appropriately addressed, and DM management should be adjusted 
accordingly. Examples of concurrent diseases include chronic pancreatitis, 
hyperthyroidism (HT), hypersomatotropism, and various medical conditions 
requiring corticosteroid therapy (Crenshaw and Peterson, 1996, Goossens et 
al., 1998, Scott-Moncrieff, 2010, Niessen et al., 2013). 

DM management aims to minimise clinical signs and prevent 
complications associated with the disease and its treatment, such as diabetic 
ketoacidosis or hypoglycaemic episodes due to insulin overdose (Sparkes et 
al., 2015, Behrend et al., 2018, Niessen, 2022). Additionally, the quality of 
life (QoL) of both the cat and the owner is increasingly recognised as a key 
consideration (Niessen et al., 2010, Sparkes et al., 2015, Hazuchova et al., 
2018), emphasising the owner's role in disease management. When 
determining an appropriate treatment strategy, the benefits of tight glycaemic 
control must be weighed against the demands placed on the owner, short and 
long-term, and the risk of complications. Owners’ capabilities, engagement, 
and perceptions of good animal husbandry may shape treatment goals and 
influence the management plan considered appropriate for each individual 
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owner (Sparkes et al., 2015). Customised owner education and proper 
involvement of the veterinary team is important for owner compliance and 
confidence (Albuquerque et al., 2019). Although detailed management 
advice exists (Sparkes et al., 2015, Behrend et al., 2018), all care plans must 
be adapted to the individual cat and owner. Allowing owners to choose 
between different care options, taking into account both their own 
circumstances and the cat’s needs, is a key aspect of management.  

1.3.1 Insulin treatment and disease monitoring 
Due to its impact on glucose homeostasis, exogenous insulin treatment is 
considered an effective and widely accepted treatment for glycaemic control. 
Insulin is usually administered subcutaneously twice daily using insulin pens 
or multi-dose vials and syringes, and longer-acting preparations like insulin 
glargine, insulin detemir, and protamine zinc insulin are recommended 
(Behrend et al., 2018). In monitoring a cat with DM, an important aspect to 
consider is the presence or absence of clinical signs (Bennett, 2002). Keeping 
a diary that records general demeanour, water intake, appetite, urination, and 
weight can be helpful, especially if combined with information on insulin 
administration and glucose measurements.  

Home blood glucose monitoring (HBGM) may serve as an important part 
of successful management (Roomp and Rand, 2009, Roomp and Rand, 
2012). Even if representing a technical and financial challenge, especially 
initially (Hazuchova et al., 2018), being able to perform HBGM may 
enhance the owner's sense of control and, consequently, positively affect 
their QoL (Niessen et al., 2010). Because of substantial day-to-day variation 
(Reusch et al., 2006, Alt et al., 2007), single BG measurements should not 
be used to evaluate treatment response, but rather to detect hypoglycaemia, 
establish nadir (the lowest point in BG concentrations), and prevent 
unnecessary insulin administration. Commonly, BG is measured at home 
using a handheld glucometer and test strips, along with fine needles, such as 
insulin syringes or lancets (Figure 1). Capillary blood is typically sampled 
from the ear veins, but the paw pads can also be pricked.  

For owners who cannot or do not wish to use a glucometer, or for cats 
who do not tolerate this type of handling, continuous glucose monitoring 
systems may offer an alternative method (Del Baldo et al., 2021, Re et al., 
2023). 
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Figure 1. Blood glucose measurement by handheld glucometer and subcutaneous insulin 
injection in a cat with diabetes mellitus. Photo: Raymond Engmark 

Although representing a more blunt measurement and not an adequate 
indicator of glycaemic control (Aldridge et al., 2020), urine testing can be 
more convenient and less expensive to use to detect trends in BG, including 
indications of diabetic remission.  

1.3.2 Diet and lifestyle interventions 
Diet plays a major role in management of DM in cats. Goals of dietary 
intervention include achieving an optimal body condition to reduce insulin 
resistance and optimising nutrient composition to support glycaemic control 
(Sparkes et al., 2015, Behrend et al., 2018) . Although weight loss is a 
consequence of untreated DM, the common weight problem in cats 
diagnosed with DM is overweight or obesity. As obesity is linked to insulin 
resistance (Hoenig et al., 2013), the nutritional profile of DM diets should 
ideally also be suitable for obesity management. If concomitant diseases that 
profit from nutritional management are present, alternative feeding plans 
may be required (Villaverde and Hervera, 2025). 

Considering the deteriorating effects of chronic hyperglycaemia on β-cell 
function (Zini et al., 2009), it is important to efficiently manage 
glucotoxicity. As obligate carnivores, cats naturally predominantly consume 
prey (e.g., small mammals or birds), and their metabolic and digestive 
physiology reflects evolutionary adaptation to a protein-rich, low-
carbohydrate diet (Plantinga et al., 2011). Although capable of digesting 
carbohydrates, cats metabolise them less efficiently than other species, with 
both carbohydrate type and quantity influencing postprandial BG (Appleton 
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et al., 2004, de-Oliveira et al., 2008). Compared to dogs, cats exhibit slower 
plasma glucose clearance after carbohydrate ingestion (Hewson-Hughes et 
al., 2011), and carbohydrate-rich diets results in higher postprandial glucose 
concentrations in healthy cats compared to diets high in protein or fat 
(Farrow 2013). In addition to species-specific metabolism, slower gastric 
emptying may contribute to prolonged glucose clearance after meals or 
glucose loads (Coradini et al., 2015). Current feeding recommendations 
suggest a carbohydrate intake of ≤12% of metabolisable energy (ME) or 
3g/100 kcal (Sparkes et al., 2015, Behrend et al., 2018), and some advocate 
for even lower levels (Gottlieb and Rand, 2013). High dietary protein is also 
recommended to maintain muscle mass and enhance satiety (Laflamme and 
Hannah, 2005, Behrend et al., 2018). 

Wet or canned food may be preferable to dry kibble, as its higher water 
content can improve satiety and dilute caloric intake (Wei et al., 2011), and 
it generally contains less carbohydrates. However, not all cats tolerate dietary 
changes, and individual food preferences must be considered. Owner non-
adherence to prescribed feeding protocols has been reported as a perceived 
compliance issue by veterinarians (Niessen et al., 2017), and treat restriction 
may be perceived by owners as negatively affecting the human–animal bond 
(Nielson et al., 2024). Alongside nutritional adjustments intended to optimise 
body condition, increased physical activity is typically encouraged (German, 
2006).  

1.3.3 Oral hypoglycaemic drugs  
Oral hypoglycaemic agents have been explored as a treatment option for cats 
with DM. Glipizide, a second generation sulfonylureas, stimulates pancreatic 
insulin release, an action that requires sufficient functional capacity of β-
cells (Palm and Feldman, 2013). It has been used successfully in some cats 
with DM (Nelson et al., 1993, Feldman et al., 1997); however, since it cannot 
be ruled out that treatment may contribute to deterioration of β-cell function 
through amyloid deposition (Hoenig et al., 2000), its use is mostly restricted 
to cases where insulin therapy is not feasible (Sparkes et al., 2015). In 
Sweden, the marketing authorization for glipizide was withdrawn in 2021. 

Sodium-glucose cotransporter 2 (SGLT-2) inhibitors are novel agents for 
treatment of hyperglycaemia in cats with non–insulin-dependent DM, 
exerting their effect by promoting renal glucose excretion (Hoenig et al., 
2018). The SGLT-2 inhibitor velagliflozin was approved in Sweden in 2023, 
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i.e., after data collection for the studies included in this thesis had been 
completed and is therefore not discussed further here.  

Biguanides (metformin) increases insulin sensitivity in peripheral tissues 
and inhibits hepatic glucose production and is widely used in treatment of 
DM in humans, but seem to be of limited use in cats (Nelson et al., 2004). 
Other oral drugs, including those targeting insulin sensitivity and lipid 
metabolism (Clark et al., 2014) and metabolic pathways of BG regulation 
(Riederer et al., 2016) either lack efficacy in cats or have not yet been 
sufficiently studied. 

1.4 Disease outcomes 

1.4.1 Diabetic remission  
If pancreatic β-cells regain their ability to secrete insulin and sustain glucose 
homeostasis, alongside resolution of peripheral insulin resistance, diabetic 
remission may occur (Scott-Moncrieff, 2010). For the individual cat, this 
means a periodic or life-long recovery from clinical signs of DM, without 
requiring exogenous hypoglycaemic treatment to maintain glycaemic 
homeostasis. For the owner, remission can considerably reduce the burden 
of daily DM management, allowing for less rigid routines and a freer, more 
flexible lifestyle. As a result of reported high proportions of cats achieving 
an insulin-independent state of DM, and because of the great benefits for 
both cats and owners, remission is nowadays considered a treatment goal in 
itself by many, especially in newly diagnosed cats (Gottlieb and Rand, 2018). 

Remission rates have typically been reported to vary between 15–60% 
(Boari et al., 2008, Hall et al., 2009, Marshall et al., 2009, Roomp and Rand, 
2009, Hoelmkjaer et al., 2015, Zini et al., 2018, Gottlieb et al., 2024), with 
even higher rates in small sub-groups of cats using an intensive treatment 
protocol (Marshall et al., 2009, Roomp and Rand, 2009). Previous treatment 
with corticosteroids (Roomp and Rand, 2009, Gottlieb et al., 2024), early 
institution of glycaemic control, and older cat age have been positively 
associated with remission, whereas factors related to disease progress and 
poor glycaemic control have been associated with decreased remission rates 
(Roomp and Rand, 2009, Zini et al., 2009, Zini et al., 2010). Cat 
characteristics, specifics of DM, and the efficacy of different management 
protocols, have been studied in relation to remission (Nelson et al., 2001, 
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Mazzaferro et al., 2003, Bennett et al., 2006, Weaver et al., 2006, Marshall 
et al., 2009, Roomp and Rand, 2009, Roomp and Rand, 2012). However, 
considerate differences between studies, including study design and varying 
criteria for DM diagnosis and remission, makes it difficult to establish factors 
that may predict remission (Gostelow et al., 2014).  

Because reversal of glucotoxicity is thought to be one of the main 
attributes behind diabetic remission in cats (Zini et al., 2010), it is generally 
recommended that hypoglycaemic treatment is promptly initiated following 
DM diagnosis. Even after achieving remission, many cats have an impaired 
glucose tolerance compared to healthy cats (Gottlieb et al., 2015), and to 
avoid relapse from remission it is recommended to keep the cat on a DM-
appropriate diet, maintain healthy body condition and avoid glucocorticoid 
treatment. Relapse occurs in about 25–40%, resulting in overt DM that 
requires resumed hypoglycaemic treatment (Nelson et al., 1999, Bennett et 
al., 2006, Zini et al., 2010, Gottlieb et al., 2015, Gottlieb et al., 2024). Though 
not well studied, a second remission seems uncommon, although not 
impossible (Roomp and Rand, 2009).  

For cats that do not achieve remission, or in most cats that relapse from 
remission, hypoglycaemic treatment is lifelong. As prognostic factors remain 
uncertain, it is difficult to predict whether a cat will achieve remission. Upon 
DM diagnosis, the owner must therefore consider whether a potentially 
lifelong insulin treatment and the associated lifestyle adjustments are feasible 
and acceptable.  

Not all management strategies are suitable for every cat–owner pair, and 
the risk of insulin-induced hypoglycaemia should not be overlooked in more 
intensive treatment protocols that aim for tighter glycaemic control (Roomp 
and Rand, 2009).  

1.4.2 Survival time and mortality  
Reported median survival times for diabetic cats vary widely across studies, 
reflecting differences in study populations, management strategies, and 
follow-up periods. Older studies report median survival times of 17–29 
months (Kraus et al., 1997, Goossens et al., 1998, Callegari et al., 2013), and 
more recently, 26 months (Gottlieb et al., 2024). Survival times have also 
been reported as approximately 60%–80% of cats still alive more than 1 year, 
30%–40% still alive more than 3 years and 10% more than 5 years after 
diagnosis. Presence of concurrent diseases, remission and glycaemic control 



26 

have been associated with survival time (Goossens et al., 1998, Callegari et 
al., 2013, Gottlieb et al., 2024).  
About 6%–17% of cats are euthanised shortly after a DM diagnosis and 
35%–40% are euthanised within the first year (Kraus et al., 1997, Goossens 
et al., 1998, Callegari et al., 2013, Niessen et al., 2017, Gottlieb et al., 2024). 
These outcomes have been linked to the disease itself, its complications, or 
to concurrent conditions (Callegari et al., 2013, Niessen et al., 2017, Gottlieb 
et al., 2024), but the specific reasons for euthanasia among owners have not 
been extensively studied. In one study, veterinarians estimated that owners 
chose to euthanise their cat at the time of diagnosis or discontinued treatment 
in approximately one out of ten cases. Contributing factors included 
concurrent diseases, perceived treatment failure, the age of the cat, and 
financial constraints. Demographic and contextual factors, such as practice 
type and owner perceptions, were also reported to influence the proportion 
of euthanasia cases (Niessen et al., 2017).  

In addition, several aspects of how medical treatment and management 
negatively affect owner QoL have been identified, mostly including items 
with an impact on the owner’s lifestyle (Niessen et al., 2010), and it is 
possible that these factors also influence decisions regarding euthanasia.  

1.4.3 Cat and owner wellbeing 
There is a growing recognition of the need to move beyond purely clinical 
measures when assessing disease outcomes. This may be related to the 
medical advances and the on-going discussion of ethical medical care in 
veterinary medicine (Rollin, 2007, Moore, 2011, Mullan, 2012, Grimm et 
al., 2018). A more comprehensive understanding of health and medical care 
that also incorporates the lived experiences of the animal is encouraged 
(Niessen, 2011), and concepts such as QoL, emotional wellbeing, happiness, 
and the relational aspects of care are gaining attention in research and clinical 
decision-making (McMillan, 2000, Belshaw, 2018, Britton et al., 2018). 
Although commonly used and widely understood in general terms, there is 
no single agreed-upon definition of QoL in animals. As a concept, QoL 
encompasses not only physical health but also other broader, subjective, and 
often contextual-dependent aspects of life (McMillan, 2000).  

Within feline medicine, QoL is increasingly being included in assessment 
of the benefits and burdens of medical interventions (Tzannes et al., 2008, 
Niessen et al., 2010, Reynolds et al., 2010, Zamprogno et al., 2010, Freeman 
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et al., 2012, Bijsmans et al., 2016, Noble et al., 2019, Noli, 2019). Regarding 
DM in cats, recognising the impact of the disease and its treatment on the 
owner, the cat, and the bond between the two is essential for successful 
disease management (Niessen et al., 2010). As it is ultimately the owner who 
makes decisions regarding their cat’s care, satisfaction with the chosen 
treatment and its compatibility with the owner’s lifestyle are important 
considerations. The perceived challenges and a sense of being overwhelmed 
by DM management may be substantial, possibly reflected in a recent study 
where nearly two-thirds of cats euthanised within three days of diagnosis had 
not received any treatment (Waite et al., 2025).  

Owners are concerned about the pet’s QoL, and their perceptions of QoL 
are important in decisions regarding treatment initiation and euthanasia 
(Slater et al., 1996, Christiansen et al., 2015). Regarding DM, the QoL of the 
animal was the most important aspect considered for both owners and 
veterinary clinicians, according to veterinarians (Niessen et al., 2017). Other 
studies have shown that owners are willing to trade longevity for preserved 
QoL in cats with cardiac disease (Reynolds et al., 2010), and that owners’ 
satisfaction with lymphoma treatment is closely linked to perceived cat 
wellbeing during therapy, with key indicators for QoL including appetite, 
gastrointestinal health, and playfulness (Tzannes et al., 2008).  

Recognising the interrelationship between owner and cat, a specific tool 
has been designed to evaluate the impact of DM on the QoL of cats and their 
owners (Niessen et al., 2010), allowing for more specific monitoring of both. 
Many owners of diabetic cats reported that the factors most strongly 
associated with a negative impact on their QoL were related to the demands 
placed on them, rather than to concerns about the cat. These included lifestyle 
restrictions imposed by treatment, such as difficulty finding suitable 
caregivers during holidays, and disruptions to social and family life. This 
was also reflected in how owners perceived insulin administration, where the 
negative impact was more often attributed to the ongoing commitment 
required than to practical or cat-related challenges. Including the owner’s 
experience of how QoL is affected is important, as veterinarians may hold 
differing views on the main challenges of treatment (Niessen et al., 2017).  
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1.5 Assessment of the cat 
Although the disease itself and the demands of ongoing management may 
affect the emotional and physical state of the cat, information on how DM 
affects wellbeing and the lived experience of the cat is limited. Poor 
glycaemic control can cause discomfort; and repeated veterinary visits, 
dietary modifications, and procedures such as blood sampling may be 
perceived as aversive. Additionally, disruptions to established routines, 
including increased owner attentiveness or altered interactions with other 
household cats, may influence the cat–owner relationship and contribute to 
inter-cat conflict (Amat et al., 2016, Ramos, 2019).  

One built-in problem with assessment of welfare in companion animals, 
including QoL, is that assessments rely on interpretations of certain 
behaviours and clinical features, with foremost owners, but also 
veterinarians, acting as proxy informants for the individual cat (Kessler and 
Turner, 1997, Belshaw, 2018). Proxies may differ in their perceptions of 
wellbeing, in what they consider to be priorities or concerns, and in their 
tolerance for interventions (Bijsmans et al., 2016). Many owners form strong 
bonds with their cats and commonly ascribe them human emotions, such as 
behavioural responses and cognitive abilities (Morris et al., 2008). Although 
it has been argued that anthropomorphism may be central to the formation of 
relationships between humans and companion animals (Serpell, 2002), this 
tendency to attribute human characteristics to animals have been raised as a 
concern, as it contribute to owners inaccurately reporting their cat’s QoL 
(Bradshaw and Casey, 2007). Over- or under-estimating the animal’s 
experiences and abilities could lead to a discrepancy between a third party’s 
assessment of an animal’s QoL and the factors that are truly meaningful or 
impactful for the cat (Sands et al., 2004, Thornton et al., 2018).  

1.5.1 Stress as an indicator of reduced cat wellbeing 
Stress commonly refers to the physiological and behavioural responses 
caused by aversive or unpleasant stimuli, and through its association with 
anxiety, pain, fear, and other states of affective discomfort, stress can be an 
important part of an animal’s wellbeing (Moberg, 2000). In the context of 
health and disease, stress can be defined by the presence of different events 
that activate a stress response, or the stress response system (Möstl and 
Palme, 2002). Stress is a normal part of life, and necessary for survival and 
health. When non-threatening, stress responses can be positive for the 
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individual and a normal part of development. However, if the animal lacks 
the ability to predict, cope, or control a stressful situation, the stress response 
is negative and may affect wellbeing (Koolhaas et al., 1999, McMillan, 
2000). Stress can be differentiated as acute or chronic, depending on its 
duration (Moberg, 2000). The response may have an additive effect, with the 
overall stress response increasing with the number of stressors (Schreck, 
2000), and sustained, or chronic, exposure to a stressor can lead to an 
increased sensitivity to other novel stressors (Sakellaris and Verniklos-
Daneillis, 1975). 

Cats may experience stress due to a variety of causes, including 
environmental changes, department from established routines, approach by 
unfamiliar humans or other animals, and unpredictability in human handling 
(Carlstead et al., 1993, Stella et al., 2013, Mariti et al., 2016, Quimby et al., 
2017). A key factor influencing their response to an adverse stimulus appears 
to be the extent to which that stimulus is perceived as predictable and 
controllable (Carlstead et al., 1993, Koolhaas et al., 2011), and 
unpredictability or a reduced ability to cope may contribute to chronic stress 
(Griffin, 2011). How the individual cat responds to stress depends on its 
temperament and prior socialisation and experiences (Kessler and Turner, 
1997, Amat et al., 2016). 

The stress response  
The stress response system is complex, and activation encompasses a 
coordinated response including various body systems, with changes in 
physiology, behaviour, and the neuroendocrine system.  

The main physiological mechanisms involve the hypothalamic-pituitary-
adrenocortical (HPA) axis and the sympatho-adreno-medullary system. 
Activation of these systems triggers a cascade of hormonal responses that 
have physiological and adaptive effects; the latter system including 
catecholamine release and immediate changes in cardiovascular function, 
respiration, and blood pressure, commonly known as the fight-or-flight 
response (Sjaastad et al., 2010). In the HPA axis, also known as the stress 
axis, the main active hormone in cats is cortisol, a corticosteroid secreted by 
the adrenal cortex by a hormonal signalling pathway originating from the 
hypothalamus. Cortisol mediates a negative feedback control, inhibiting axis 
activity on several levels (Mormède et al., 2007). See Figure 2 for a 
schematic overview of the HPA axis. Glucocorticoids exerts their activity by 
a number of mechanisms, affecting metabolism, reproductive function, and 
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immunological responses. One preeminent effect is to mobilise energy 
substrates and increase circulating BG concentrations, ensuring that skeletal 
muscles and the brain get the energy they need to cope with the perceived 
threat (Sapolsky et al., 2000). The activity of the HPA axis varies both 
between and within species and different biological, genetic, and 
environmental factors contribute to this variability (Moberg, 1987, Mormède 
et al., 2007).  

 
Figure 2. Schematic overview of the HPA axis and incorporation of cortisol into the 
growing hair. Illustration: Alexander Flodin.  

Behavioural changes may serve as coping strategies to reduce the adverse 
impact of a stressor or may result from hormonal alterations triggered by 
activation of the stress response system (Carr, 2002, Rochlitz, 2013). These 
changes include withdrawal or hiding, attempts to avoid the stressor through 
escape, reduced playfulness, altered interaction patterns with humans or 
other animals, or displays of aggressive behaviour (Armstrong and 
Blanchard, 2009, Rochlitz, 2013) and development of compulsive 
behaviours (Luescher, 2003). However, behavioural changes may be 
challenging for owners to recognise, particularly when the cat exhibits 
inhibitory responses such as withdrawal or reduced activity (Amat et al., 
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2016) or displays behaviours that owners may interpret as typical for the 
species, such as avoiding other animals, given the common perception of cats 
as non-social (Mariti et al., 2017). 

Measurement of stress 
Although measuring stress holds great potential for assessing animal 
wellbeing (Moberg, 1987), the complex nature of the stress response entails 
that no single tool for evaluating all aspects of stress exists. It has been 
suggested that the best assessment is made indirectly, by using both 
behavioural and physiological data (McCobb et al., 2005). As the HPA axis 
is central in stressor responses, studies on circulating cortisol concentrations 
represent a common approach to assessment of the stress response system. 
In cats, studies assessing cortisol concentrations and behavioural valuation 
of stress show conflicting results. Behavioural assessment of stress have been 
reported to correlate with urinary cortisol concentrations (Carlstead et al., 
1993, Rochlitz et al., 1998), whereas other studies assessing stress linked 
behaviours and urinary cortisol (McCobb et al., 2005) and serum cortisol 
(Stella et al., 2013) failed to demonstrate such an association. These 
discrepancies may reflect differences in environmental conditions, 
individual coping mechanisms, and methodological aspects.  

Cortisol can be quantified from various biological material, differing in 
cortisol metabolism, sampling requirements, and the time span reflected. For 
measurements of momentary circulating cortisol, serum or plasma is 
suitable, although the effects of temporary fluctuations due to sample-
associated handling and stress must be considered (Carlstead et al., 1993). 
For more long-term and peak-less assessments, urine or faeces can be used 
(Carlstead et al., 1993, Schatz and Palme, 2001). As a higher proportion of 
cortisol is excreted in faeces than in urine, and considering the less invasive 
nature of sample collection, faecal cortisol concentrations may be more 
suitable than urine for assessment of circulating cortisol concentrations in 
the preceding approximate 24 hours. For a long-term assessment, cortisol 
quantified from hair represents a non-invasive method that has been 
increasingly studied and applied for HPA axis assessment over the last two 
decades (Koren et al., 2002, Davenport et al., 2006, Accorsi et al., 2008, 
Meyer et al., 2014).  
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Hair cortisol concentrations 
During active hair growth, cortisol is continuously incorporated into the 
shaft, likely via passive diffusion from the bloodstream (Figure 2), although 
the exact mechanism remains unclear (Meyer and Novak, 2012). As 
incorporation occurs throughout the growth period, hair cortisol 
concentrations (HCC) reflect integrated systemic levels over weeks to 
months (Stalder et al., 2012), reducing the influence of short-term 
fluctuations and sampling-induced changes. 

Our understanding of HCC has limitations, and recognising them is 
essential, particularly when evaluating animal welfare and stress. It is not yet 
clear whether hair cortisol derives solely from systemic circulation or is 
partly produced locally in the follicle (Ito et al., 2005, Stalder and 
Kirschbaum, 2012, Sergiel et al., 2020), and whether external 
contaminations from sweat or sebum may influence results (Salaberger et al., 
2016). Further, HCC are thought to be influenced by factors related to both 
hair physiology and growth patterns, including body region (Terwissen, 
2013, Burnard et al., 2017), hair colour (Yamanashi and Misato; Suzuki, 
2013, Burnett et al., 2014), and season of the year (Bacci et al., 2014, Roth 
et al., 2016). Alterations in HCC have also been reported with younger age, 
pregnancy, and lactation, while the effects of sex appear to be inconsistent. 
Species-specific variations in behaviour, shedding cycles and environmental 
conditions point to the need to study HCC in each species (Heimbürge et al., 
2019). HCC have been associated with a wide array or stressors and medical 
disorders in various species (Davenport et al., 2006, Comin et al., 2013, 
Cattet, 2014, Burnett et al., 2015, Qin et al., 2015, Stubsjøen et al., 2015, 
Roth et al., 2016).  

Until recently, HCC in domestic cats has primarily been investigated in 
free-roaming and shelter populations, using varying hair sampling methods 
(Accorsi et al., 2008, Finkler and Terkel, 2010, Galuppi et al., 2013). In these 
populations, neutering status, social dominance, and behaviour were linked 
to HCC. More recently, studies in owned domestic cats have linked increased 
HCC to behaviours typically associated with stress, such as elimination 
outside the litterbox and owner-directed aggression (Contreras et al., 2021, 
Wojtaś, 2023). Regarding disease, higher HCC have been reported in shelter 
cats with dermatophyte infections (Galuppi et al., 2013), and in owned cats 
in later stages of chronic kidney disease (CKD) (Kim et al., 2025). While 
HCC was initially associated with owner-reported chronic disease (Contreras 
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et al., 2021), this association was no longer significant after adjustment for 
additional variables, perhaps reflecting the complexity of the relationship 
between the feline stress response and behaviour. However, poor coat 
condition was associated with elevated HCC, and as coat condition has been 
linked to stress (Arhant, 2015) and to chronic disorders such as HT and DM 
(Greco, 2001, Carney et al., 2016, Vogelnest, 2017), this may reflect the 
influence of illness on feline behaviour and overall wellbeing.  

1.6 Clinical decisions and their implications  
Successful management of DM depends on the owner’s ability and 
willingness to carry out treatment and sustain it over time, and few other 
diseases entail such a degree of responsibility on the owner in their own 
home. Cats often occupy a central place in human households and are 
frequently regarded as family members (Endenburg and Vorstenbosch, 1992, 
McConnell et al., 2019, Bouma et al., 2021). The strong bond owners may 
form with their cats can lead to considerable emotional investment if the cat 
becomes ill. Veterinary practice has evolved alongside this human–animal 
bond, and the changed view of companion animals has been suggested as 
partly responsible for owners’ willingness to pursue extensive measures for 
their animals’ health (Knesl et al., 2016). Owners with a stronger bond to 
their pet have been shown to be more likely to seek higher levels of 
veterinary care compared to owners with a weaker bond (Lue et al., 2008).  

According to Swedish law (SFS 2018:1192), animals are legal properties 
of the owner, and it is the owner´s responsibility to save the animal from 
unnecessary harm. Within the limits of legislation, it is the owner who makes 
the decision on treatment initiation or continuation and euthanasia. Caring 
for a pet with DM may bring positive aspects, such as increased interactions 
and a perceived strengthening of the relationship (Niessen et al., 2010, 
Aptekmann et al., 2014). However, distress and challenges, emotional, 
practical and financial, are also reported by owners of chronically ill animals, 
where impaired psychosocial functioning, reduced QoL, depression and 
anxiety are increasingly recognised in the concept of caregiver burden 
(Spitznagel et al., 2017). Recognising this, alongside aspects of protecting 
cat welfare, veterinary care takes place within a complex relationship 
between the veterinarian, the owner, and the cat (Rosoff et al., 2018). 
Although the veterinary profession is focused on the wellbeing and care of 



34 

the animal, the owner is also deeply integrated in veterinary responsibilities 
(Rollin, 2006, Morgan and McDonald, 2007).  

One important cause of friction is that owners and veterinarians may hold 
differing fundamental beliefs about our responsibilities toward animals, 
including the moral importance of animals, and what is believed to be in the 
animals’ best interest (Endenburg and Vorstenbosch, 1992, Morgan and 
McDonald, 2007). Consequently, what one sees as appropriate care or action 
may not align with another’s view. Differing views on what constitutes the 
best way forward in the clinical situation, and balancing the responsibilities 
of many, has been described as one of the greatest challenges in veterinary 
medicine (Rollin, 2013). Commonly encountered ethical issues in small 
animal practice include euthanasia due to financial inability or unwillingness 
to continue treatment, situations where care is compromised by limited 
owner finances leading to the need for empirical therapeutic trials instead of 
diagnostics (Kipperman et al., 2018), and cases where the owner wishes to 
pursue treatment despite it being in conflict with the welfare of the animal 
(Morgan, 2009, Batchelor and McKeegan, 2012). When not resolved 
satisfactorily, such challenges may contribute to moral stress, and concerns 
have been raised about their role in poor veterinary mental health (Cohen, 
2007, Rollin, 2011, Batchelor and McKeegan, 2012, Kipperman et al., 2018). 

Communication between veterinarians and owners is a key aspect of 
clinical practice. How information is delivered, and how owners are engaged 
in the process, shapes their participation in decision-making and their 
capacity to manage the animal’s condition (Cornell and Kopcha, 2007). 
Communication styles are largely determined by how the relationship 
between the veterinary practitioner and the owner is conceptualised, and 
approaches have been shown to vary between consultations. In a paternalistic 
approach, the veterinarian takes the active role, making decisions based on 
medical judgment and assuming that moral values align with those of the 
owner (Shaw et al., 2006). A shared model is more collaborative, with 
veterinarian and owner contributing equally to decisions, balancing medical 
recommendations with the owner’s preferences and circumstances (Charles 
et al., 1999), whereas in the informed approach, the veterinarian acts as a 
teacher, providing requested information, while the owner decides 
independently (Cornell and Kopcha, 2007). Although the paternalistic model 
remains prevalent (Bard et al., 2017), there is an expressed wish to move 
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away from hierarchical approaches towards more relationship-centred 
models of communication (Board, 2015). 
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Diabetes mellitus (DM) is a common endocrine disease in cats, and the 
complexity in its management provides an outlet for different aspects related 
to clinical outcomes, disease management, and ethical considerations. By 
including aspects related to the cat, the owner, and the veterinarian, the 
overall aim of this thesis is to broaden the understanding of DM in cats and 
contribute to improved clinical management.  

 
The specific objectives are: 
 
 Investigate disease outcome for cats with DM, and the impact that 

DM has on the life situation of owner and cat; 
 

 Explore owner experiences of initiating and sustaining DM 
treatment; 
 

 Explore veterinary considerations in managing cats with DM; 
 

 Evaluate a low-stress sampling method for assessment of cortisol 
concentrations in cat hair, and relate hair cortisol concentrations 
to cat characteristics, health status, and stress.  

  

2. Aims 
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In this section, an overview of the materials and methods used in the included 
four papers are presented. For more detailed information, see respective 
papers. All statistical analyses were performed using the statistical software-
program R Studio (2022).  

3.1 Evaluation of disease outcomes (Paper I) 
In this cross-sectional retrospective questionnaire study, we investigated 
disease outcomes in cats diagnosed with DM. 

3.1.1 Study sample and questionnaire 
Data were obtained from the Agria Pet Insurance database. All insured cats 
with a DM diagnosis during a five year period (2009–2013) were included 
(n =1369). At the time the study was conducted, approximately a third (36%) 
of all cats in Sweden were insured. The Agria Pet Insurance was market-
leading and validated for research purposes (Egenvall et al., 1998).  

The questionnaire was digitally available for participating owners though 
an online provider (Netigate). It included questions on the cat and its 
characteristics, and vaccination status as an indicator for the level of care 
provided by the owner. The cat’s age at diagnosis and at death was 
standardised to January 1st of the respective years. Initial survival was 
defined as the cat living more than four weeks post-diagnosis. Survival time 
was estimated from December 31st of the DM diagnosis year to January 1st 
of the year of death. Treatment-related questions included whether the cat 
received insulin, use of oral glucose-lowering medication, special diet, 
hospitalisation, or no specific treatment. Additional results from the 
questionnaire are reported elsewhere (Öhlund et al., 2017). 

3. Comments on materials and methods 
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3.1.2 Disease outcomes and data analysis 
The disease outcomes examined included initial survival (defined as survival 
beyond four weeks following DM diagnosis); survival time (expressed in 
years as a minimum estimate); achievement of remission, with or without 
subsequent relapse; and the cat’s QoL. Four logistic regression models were 
applied for categorical outcomes, while one linear regression model was used 
to assess survival time as a continuous variable. Final model selection was 
based on a backward elimination approach, guided by a reduced Akaike 
Information Criterion (AIC), to help determine the best-fitting model. To 
quantify the strength between variables and disease outcomes in the final 
regression models, odds ratios (OR) were calculated. Potential interactions 
between variables were examined and included where relevant. Possible 
confounders were identified and controlled for within each regression model 

3.2 Qualitative exploration of individuals’ experiences 
and perceptions (Papers II and III) 

In Papers II and III, the experiences and considerations of owners to cats 
treated for DM, and veterinarians who manage cats with DM, were explored 
using a qualitative research approach with in-depth interviews.  

3.2.1 Participants and interviews 
Individual qualitative interviews were chosen for data collection, as they are 
appropriate for exploring lived experiences and understanding social issues 
(Dicicco-Bloom and Crabtree, 2006). Due to its flexibility in questioning and 
follow-up, a semi-structured approach was applied, gaining deeper insight 
into participants’ reasoning and the opportunity to request clarifications or 
examples of specific situations (Kvale and Brinkmann, 2009). The 
interviews followed a pre-determined interview guide, and were conducted 
in Swedish, the majority through a digital video conference program (Zoom). 
They were recorded to enable later transcription.  

Participants were recruited through a combination of purposive and 
convenience sampling. Invitations were distributed in one Facebook group 
targeting cat owners and two Facebook groups targeting veterinarians. Some 
individuals were approached directly. Selection criteria for cat owners 
included residency in Sweden, and current or past ownership of one or more 
cats diagnosed with DM; and for veterinarians, having experience of cats 
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diagnosed with DM. The inclusion criteria were intentionally kept broad 
(Kristensen and Ravn, 2015).  

Two pilot interviews were conducted in each group, and reviewed to 
assess question clarity, relevance, and participant engagement with the topic. 
The interview guide was adjusted accordingly. To determine and evaluate 
the number of interviews needed, data collection and the information 
obtained were assessed continuously and prospectively. This process was 
determined by the research questions of the studies, and was guided by the 
concept of information power (Malterud K, 2016) and Braun and Clarke’s 
reflections on data collection within reflexive thematic analysis (RTA) 
(Braun and Clarke, 2021). In both Paper II and III, an initial set of interviews 
was conducted consecutively. During these, field notes were taken to review 
the quality of the data and the variety of participants’ experiences and 
subsequent interviews were determined in relation to these, which helped 
inform the decision on participant selection and when to conclude data 
collection. To reduce the risk of earlier data influencing later interviews, 
transcription and coding were postponed until all interviews were completed. 
When the data was assessed as sufficiently rich, two additional owner 
interviews and one veterinarian interview were conducted to reduce the risk 
of stopping data collection too early. Data collection was concluded after 
twelve interviews with owners and ten interviews with veterinarians.  

3.2.2 Theoretical framework and analytical process 
Thematic analysis is a method used within the qualitative research paradigm 
to systematically identify and interpret patterns within a dataset. A reflexive 
approach to TA acknowledges the researcher’s subjectivity as a valuable 
resource and recognises the influence of the researcher on both data 
collection and analysis (Braun and Clarke, 2019, Braun and Clarke, 2022a), 
thereby enriching and deepening the analytical process (Finlay, 2021). 
Considering the research questions and aiming to incorporate the experiences 
and knowledge of the author into the process, RTA was chosen as the 
analytical method.  
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Figure 3. Overview of the analytical process of reflexive thematic analysis. Note that the 
process is not strictly linear, and that former steps are continuously revisited during the 
analytical process.  

The analytical processes were underpinned by constructionist theoretical 
framework with an experiential approach. This means that the researcher 
explores how people interpret and give meaning to their experiences, 
acknowledging that these meanings are shaped by their social and personal 
contexts (Braun and Clarke, 2022b). Following Braun & Clarke (Braun and 
Clarke, 2006, Braun and Clarke, 2019), a six-phase RTA process was 
undertaken. First, the transcripts were reviewed in depth, followed by an 
iterative coding process at both semantic and interpretive levels. Candidate 
themes were developed by clustering related and meaning-sharing codes and 
were continuously refined through comparison with original data to ensure 
accurate representation. Theme construction was consultative with regular 
discussions in the research group to discuss interpretations and findings.   See 
Figure 3 for an overview of the analytical process. 

3.3 Assessment of HPA axis activity (Paper IV) 
This study investigated cortisol concentrations in hair (HCC), and evaluated 
the use of HCC in assessment of long-term stress in healthy cats and cats 
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with chronic disease. In addition, it investigated a minimally invasive 
method of hair sampling for HCC analysis. 

3.3.1 Study sample and questionnaire 
Privately owned cats were recruited either through personal contacts or 
during visits to one of four small animal veterinary clinics, including two 
referral clinics and two smaller general practices. Based on previous research 
on effects of sex and reproductive activity on measured cortisol in cats 
(Finkler and Terkel, 2010, Franchini et al., 2019, Alekseeva et al., 2020), the 
study strived to include both neutered and intact cats of both sexes. In 
Sweden, most cats are neutered at a young age unless intended for breeding. 
Consequently, the subset of intact cats was sampled at the time of neutering, 
and younger compared to the cats with chronic diseases. 

A questionnaire was developed based on existing literature on feline 
stress and owner involvement in assessment (Carlstead et al., 1993, Heath, 
2007, Amat, 2009, Amat et al., 2016, Deborah L. Duffy, 2017, Mariti et al., 
2017). Most questions were retrospective, related to 2–16 weeks before hair 
sampling. Comprehensibility was pilot-tested with four cat owners not 
involved in the study, and revisions were made accordingly. The final 
questionnaire was distributed digitally, by e-mail, or by post when email 
addresses were unavailable. Questions included the cat’s sex, age at hair 
sampling, and hair characteristics (e.g., coat colour). Stress assessment was 
based on owner-reported exposure to potential stressors and observed 
behavioural signs. For cats with chronic disease, clinical signs were recorded 
to evaluate disease impact. Cats receiving corticosteroid treatment were 
excluded from the study.  

3.3.2 Hair sampling 
Hair was sampled once per cat during June 2020 and November 2022. Each 
cat provided at least one hair sample, collected by either mechanical clipping 
(dorsal front leg or caudoventral abdomen) or combing (dorsal and lateral 
body using a fine-toothed clean comb). Combing was included as a novel 
non-invasive sampling procedure with potential to further reduce stress 
during sampling. Sampling was performed during veterinary visits or by 
owners at home (combing only). Clipping sites were chosen based on routine 
clinical procedures to avoid unnecessary shaving. For sampling locations and 
methods, see Figure 4. After collection, all hair samples were wrapped in 
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aluminium foil and stored at room temperature in a dark, dry environment at 
a maximum time of seven months, until cortisol analysis.  

 

 
Figure 4. Hair sampling locations and sampling methods (comb or mechanical clippers) 
for analysis of HCC. Illustration: Alexander Flodin.  

3.3.3 Hair preparation and cortisol extraction 
Based on previously reported hair growth rates in domestic cats (Baker, 
1974, Hendriks et al., 1997), longer hair samples were trimmed to 
approximately 40 mm in length when possible, roughly corresponding to 16 
weeks of growth and thereby representing the retrospective time period of 
interest. Cortisol extraction from hair was performed using a protocol partly 
adapted from Meyer et al. (Meyer et al., 2014).  

Hair cortisol was quantified using a commercial competitive high-
sensitivity ELISA kit (Salimetrics® Salivary Cortisol Enzyme Immunoassay 
Kit, LCC 2021), and converted to pg/mg hair (Meyer et al., 2014). To 
evaluate assay performance, mean within-assay and between-assay 
coefficients of variation (CV) were calculated, based on instructions from 
the manufacturer. To evaluate assay accuracy, linearity and recovery upon 
dilution was performed. 

3.3.4 Data analysis  
Prior to data analysis, cat age at sampling was standardised to January 1st of 
each year. Sex was categorised as neutered or intact (male/female), with a 
separate category for females that had experienced pregnancy or oestrus 
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within 2–16 weeks prior to sampling. Stress was classified into three groups 
based on owner assessment. Regardless of owner stress assessment, cats with 
recent pregnancy or oestrus were included in the group displaying stress. 
Cats in owner-reported diabetic remission were categorised as healthy.  

We assessed and compared measured HCC across the three hair sampling 
locations and methods using Spearman’s rank correlation and Bland–Altman 
(BA) plots. With BA analysis, differences between two paired measurements 
of the same variable (HCC) were compared for agreement and the variation 
was quantified. Analysis included graphical interpretation, including 
clinically interpreting the relevance of the given discrepancy, and calculation 
of mean differences (bias) between paired values. Limits of agreement 
(LOA) were defined as bias ±1.96 standard deviations of the paired 
differences. Outliers were identified as measurements of HCC falling outside 
LOA.  

Associations between HCC and owner-reported cat characteristics, stress, 
and health status were assessed with two multiple linear regression models; 
one for HCC from clipped front leg samples, and one for combed samples, 
both using log-transformed HCC to improve model fit. Variables with p <0.2 
in univariable analysis were included in the models, alongside key variables 
(health status, presence of other animals, stressors, and stress signs) informed 
by previous studies (Galuppi et al., 2013, Contreras et al., 2021). Final 
models were refined via backward elimination, guided by AIC and exclusion 
of variables with p ≥0.05. Residuals were assessed for normality using QQ 
plots.  
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In this section, the most important results are included. For more results and 
details, see Papers I–IV.  

4.1 Evaluation of disease outcomes (Paper I) 
In total, 1369 cats diagnosed with DM were identified from the Agria Pet 
Insurance register. Of these cats’ owners, 484 completed the questionnaire, 
corresponding to a 35% response rate. Seven incomplete or inconclusive 
questionnaires were excluded, leaving 477 questionnaires for analysis. 
About two thirds of the cats (333/477, 70%) were not alive at the time when 
their owners answered the questionnaire. Mean cat age at DM diagnosis was 
10.7 years (±3.1), and most cats were neutered (474/477, 99.9%), of male 
sex (337/477, 71%), and were domestic cats (365/477, 77%). The most 
commonly represented pedigrees were Norwegian Forest Cat (38/477, 8%) 
and Burmese (18/477, 4%). Thirty-five cats (7%) were reported to suffer 
from another chronic disease.  

The majority (85%) of cat owners were females, and the owners’ median 
age at cat diagnosis was 46–55 years (range 16–90 years).  

4.1.1 Initial survival and factors associated with early euthanasia 
Of the 477 cats, 15% (72/477) were euthanised within 4 weeks of DM 
diagnosis. The most commonly stated reasons were related to the cat, 
including not wanting the cat to suffer (53%), poor prognosis (32%), or 
because of concurrent disease (21%). Thirteen percent of owners stated that 
euthanasia was performed because treatment was too difficult.  

The cat surviving ≥4 weeks after diagnosis was associated with owner 
perceived lifestyle limitations and worries about complications of DM, e.g., 

4. Results 



48 

hypoglycaemia. Increased cat age at the time of diagnosis was associated 
with reduced odds of surviving beyond four weeks, with the odds decreasing 
by 0.13 for each additional year (p =0.04). When owners reported 
experiencing external expectations to euthanise their cat, the odds of survival 
beyond four weeks decreased by one third per year (p =0.01), with this 
negative association being the most pronounced in cats aged approximately 
15 years or older. Among cats whose owners expressed concerns about the 
costs associated with DM, younger individuals exhibited lower odds of initial 
survival, particularly those under approximately 10 years of age. In this sub-
group, the odds of surviving beyond four weeks increased by 52% for each 
additional year of age (p =0.05).  

4.1.2 Treatment and survival time 
The initial survival rate was 85% (405/477). Ninety-three percent of the 
owners of these cats implemented dietary adjustments (378/405), and 89% 
administered insulin injections (360/405). Among owners administering 
insulin, 50% performed HBGM, 12% urine glucose monitoring, 6% 
practiced both methods, and 31% did not monitor glucose levels at home. Of 
the 45 cats (11%) that did not receive insulin, 27 did not receive any 
hypoglycaemic medication, and all but one cat had dietary adjustments 
implemented.  

 
Table 1. Survival time of cats diagnosed with DM that were still alive ≥4 weeks after 
DM diagnosis (n=405).  

Survival time of 405 cats that 
survived ≥4 weeks after diagnosis  

n Median survival 
time (years) 

IQR Range 
(years) 

Dead at time of questionnaire  261 1 3 0–14 
Alive at time of the questionnaire 144 2 2 - 
IQR = interquartile range 

Across all 405 cats, the most commonly provided diet was a dry veterinary 
prescription formulation for the management of DM (253/405, 62%), offered 
either as the primary diet or in combination with other diets. Eleven percent 
were predominantly fed a commercially available (CA) wet diet, which was 
generally reported to be low in carbohydrates, and 7% (27/405) received a 
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weight management prescription diet. Other diets (102/405, 25%) included 
wild prey, CA dry food, and dry food labelled as being low in carbohydrates. 

Survival varied widely, particularly among deceased cats, see Table 1. 
Almost two-thirds of cats (299/477) survived for more than one year after 
diagnosis, with a smaller proportion surviving more than three (118/477), 
five (47/477), and eight years (7/477). See Figure 5.  

 

 
Figure 5. Minimum survival time (months) after DM diagnosis (n=477), showing the 
proportion of cats surviving at least the specified duration. 

Cats with a QoL perceived as better or same as before DM diagnosis survived 
0.6 years longer compared to cats with a worse QoL (p =0.01). Survival time 
was 0.6 years shorter in cats whose owners worried about medication related 
issues (p =0.002); and in cats who received insulin treatment, survival time 
decreased by 0.25 years for each additional year of age (p <0.001).  

4.1.3 Factors associated with other disease outcomes 

Remission rate and life-long management 
The remission rate was 29% (118/405), and in almost two thirds of these cats 
(73/118, 62%) no relapse was reported. For the 118 cats, time to remission 
was relatively evenly distributed across the first year following diagnosis, 
with a comparable proportion of cases achieving remission in each time 
interval; 22% within 0–3 months, 29% within 4–6 months, 19% within 7–12 
months, and 25% after ≥12 months of treatment. In 71% of cats (287/405), 
remission was not achieved.  
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Cats that predominantly received a CA wet diet had three-fold higher 
odds of achieving remission, compared to cats that were fed a dry or a 
combination of dry and wet veterinary prescription DM diet (p =0.01). 
Furthermore, cats fed a CA wet diet had higher odds of achieving remission 
without relapse (OR 14.8, p =0.01).  

4.1.4 Owner perceptions of management and cat QoL 

Reasons for euthanasia within four weeks of DM diagnosis 
The most common reasons for euthanising the cat ≤4 weeks after DM 
diagnosis was a wish not to let the cat suffer (53%), poor prognosis (32%), 
and concurrent diseases (21%). Less commonly reported reasons were 
treatment failure (15%), treatment being too difficult (13%), and insufficient 
veterinary support (4%). In 25% of euthanised cats, DM treatment had been 
initiated. No owners indicated financial costs as a reason for euthanasia. 

Quality of life of the cat 
Of the cats alive at the time of the questionnaire (144/477), current QoL 

was assessed as excellent in 46%, good in 51%, and poor in 2% of cats. 
Compared to before DM diagnosis, QoL was assessed as unchanged in 67%, 
better in 16%, and worse in 10% of cats. Among the cats that were deceased 
at the time of the questionnaire (333/477), 44% of owners (148/333) assessed 
QoL as worse than before diagnosis, 36% as unchanged, and 4% as better. 

Both remission (p <0.001) and remission without relapse (p =0.002) were 
positively associated with QoL. See Figure 6 for an overview of owner-
assessed change in QoL in cats achieving remission or not. Assessing QoL 
as worse was associated with owner concerns regarding both DM limiting 
the cat’s life and the cat’s medication.  

Perceptions related to DM and disease management 
Difficulties and worries related to DM and disease management was reported 
in 80% of owners of all cats surviving ≥4 weeks (329/405). For these owners, 
the most common experience, regardless of whether the cat achieved 
remission, was that the cat’s DM imposed limitations on their daily life, such 
as difficulties travelling and finding a cat sitter (51%). Other sources of 
concern for owners included worries about complications related to the cat’s 
DM (45%), the cat’s medication (29%), difficulties measuring BG (21%), 
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and costs (15%). Thirteen percent of the owners were concerned about DM-
related limitations to the cat’s life.  

 

 
Figure 6. Owner-assessed change of quality of life in cats that did (n =118) and did not 
(n =287) achieve diabetic remission, compared to before the cat got DM. All cats 
survived ≥4 weeks after DM diagnosis.  

4.2 Qualitative exploration of owners’ experiences and 
perceptions (Paper II) 

4.2.1 Characteristics of participants 
Twelve owners participated, 11 of whom were female. Three lived in rural 
areas and nine in towns, representing diverse regions of Sweden. Each 
interview focused on one cat with DM; all cats had received insulin 
treatment, and three had achieved remission. At the time of interview, three 
cats had died; two from DM and one from unrelated causes. Four owners had 
prior experience with DM, either in humans (n =3) or cats (n =1).  

4.2.2 Thematic structure  
One overarching theme, it’s for life—defining cat ownership, was generated 
as the conceptual anchor for three themes. In sickness and health reflected 
owners’ considerations when initiating treatment for cats with DM, 
emphasising the cat as a family member and the evolving human–animal 
relationship. The cat—opportunities and responsibilities came from owners’ 
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rationalizations regarding treatment, focusing on QoL and compromises 
regarding medical care. Who decides about life? addressed euthanasia 
decisions, highlighting responsibility, inner conflict, and attempts to simplify 
the process. An overview of the analytical structure is provided in Figure 7. 
 

 
Figure 7. Thematic structure and summaries of themes in owners’ experiences of treating 
DM in cats.  

Overarching theme: It´s for life—defining cat ownership 
Although owners struggled to communicate a clear underlying rationale for 
deciding to treat their cat upon DM diagnosis, they framed the decision as an 
expression of responsibility, and less as a response to cat-specific factors. As 
one participant explained: “I think that when you choose to become a cat 
owner, or animal owner, you do it for life.” (Julia). Such perspectives 
positioned treatment as a self-evident responsibility, shaped by views of 
ownership and obligation rather than by the specific context of DM. 
Fulfilling an enduring commitment to the care of the cat was expressed, 
consciously or not, as implicitly included when acquiring an animal. Owners 
defined their view of ownership by contrasting it with the opposing 
perspective:  

“But when it's about it [medical treatment] being an inconvenience only for the 
owner that only causes like...Like, you have to engage daily with your animal. I 
think that you sign up for that when you take care of an animal.” (Anna) 

By evoking owner responsibility as a moral imperative rather than a choice 
subject to external factors, owners’ sense-making of ownership formed a 
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foundation for further reasoning about the human–cat relationship, DM 
management, and the justification of euthanasia. 

Theme 1: In sickness and health 
The relationship with their cat was described in terms beyond 
companionship, likening it to family-related or parenting. Viewing the 
human–cat relationship through an anthropomorphic lens seemed to 
intensify both the perceived bond and the moral commitment, rendering 
medical care a non-negotiable aspect of fulfilling owner obligations:  

“She is my responsibility, like a child. If she had needed insulin every morning 
and evening, I would have solved it.” (Hanna).  

Ascribing the cat the role of a family member, distinct from more functional 
forms of ownership, such as keeping a barn cat for pest control (as described 
by one owner), suggests that the value owners attach to the cat, and the type 
of relationship they seek, shape their decisions and their perceived duty.  

Furthermore, the articulated strength and uniqueness of the bond with the 
cat influenced owners’ reasoning, considering both the duration and the 
distinct properties of an interspecies bond. Long-term, close relationships 
seemed to reinforce commitment to treatment, and weaker or more recent 
bonds made euthanasia seem more acceptable: 

“[…] If I'd had her since she was a kitten, I would have felt differently. […] If I'd 
been allowed to decide for myself, I'd probably have put her down there and 
then.” (Ingrid)  

The absence of prolonged attachment and shared experience may lead 
owners to perceive treatment obligations as less immediate or compelling, 
allowing other factors, such as convenience, financial considerations, or the 
cat’s current health and wellbeing, to play a greater role in decision-making. 
Ingrid’s account further illustrates how perceptions of duty may be shaped 
within a social context, where differing emotional attachments and levels of 
commitment among family members can influence interpretations of duty 
and generate tension. Other accounts spoke of the complexity of household 
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decision-making in terms of differing views on the cat’s QoL and the extent 
of medical care.  

Theme 2: The cat—opportunities and responsibilities 
Across accounts, cat wellbeing and QoL functioned as a guiding principle in 
decisions, with owners aiming to ensure that medical care served the cat’s 
best interests. As per definitions on what was included in the concept of QoL, 
owners listed appetite, the cat being able to live their desired lifestyle, and 
preserved interactions with humans. While simultaneously safeguarding the 
cat’s wellbeing, owners discussed their willingness to make changes to the 
recommended regimen to enable them to proceed with treatment:  

“If I had had to measure her blood sugar twice a day, it would not have worked. 
Not for her, or for me.” (Mia) 

“So, you have to be able to slack a bit, like an hour here or there. You can't be 
too hard on yourself, especially when you work and have small children.” (Eva) 

Reframing the desired management protocols as negotiable, i.e., pursuing 
regimens that protected QoL while remaining feasible, operated as 
adaptations that reduced owner and cat stress and sustained treatment 
adherence. As perceived by owners, cats permitted such pragmatic 
flexibility, and given that no treatment effectively narrows options for 
euthanasia, these adjustments constituted a morally justifiable middle path 
that preserved cat welfare. 

However, the constant awareness of the cat’s dependence carried an 
emotional weight, often characterised by guilt, frustration, and a sense of 
restriction. Owners described how the properties of DM management place 
responsibility squarely on the caregiver, and that this intensified stress, 
particularly for those without social support:  

“If I choose to do something else one evening, like stay longer at a friend's house 
for dinner, I immediately feel guilty for not giving him his insulin.” (Julia) 

Strategies to manage risk during unavoidable absences, such as work 
commitments or night shifts, were also reported, including withholding 
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scheduled insulin injections or reducing the insulin dose to prevent 
hypoglycaemic crises. Owners also described care as strengthening the 
relationship, building trust, and providing a sense of fulfilment: “It’s a big 
achievement to turn things around, and I’m very proud of it…knowing you’ve 
helped someone feel better again” (Anna). Yet alongside this sense of 
fulfilment, reflections frequently turned to the difficult questions of how long 
treatment should continue and when euthanasia might represent the best 
decision.  

Theme 3: Who decides about life?  
The decision over life and death brought out deeper moral questions on who 
has the right to end a life, and under what conditions. Euthanasia was framed 
as permissible only once a threshold had been crossed, loosely defined in 
terms of the cat’s welfare and QoL. Owners often explicitly rejected 
convenience or financial motives as legitimate grounds. In practice, this 
required continual assessment of the cat’s behaviour and response to 
treatment, weighing the ‘relief’ of death against the harm of suffering, with 
co-existing diseases complicating the evaluation. A slow deterioration of the 
cat and the lack of a clear-cut endpoint made this evaluation emotionally 
taxing and constantly present in their lives. Even when deterioration in DM 
was evident, owners could experience the decision as a moral breach: 

“It feels a bit like a betrayal that I didn’t keep fighting, but at the same time...It 
felt like we had been trying for so long, and he wasn’t getting any better. […] We 
had reached the end of the road.” (Hanna) 

This conflict was especially acute after sustained efforts to treat; the very 
history of caregiving intensified guilt by raising the subjective threshold for 
stopping. Here, responsibility was constructed as perseverance, and choosing 
euthanasia risked being read as giving up. Thus, tension lies between two 
competing moral imperatives: minimising suffering (the cat’s welfare) and 
honouring a sustained duty of care (the owner’s commitment).  

To manage the ethical and emotional conflict of actively choosing to end 
their cat’s life, hope for a peaceful, unassisted death was expressed: “It would 
just be better if we came home one day, and she wasn't alive” (Julia). Others 
sought decisive guidance from the veterinarian. These strategies seemed to 
help redistribute moral responsibility: a natural death removed the owner 
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from the active role, while clear clinical guidance enabled shared or 
clinician-led judgment. Both approaches allowed owners to maintain their 
moral position as responsible, non-abandoning guardians. 

4.3 Qualitative exploration of veterinarians’ experiences 
and perceptions (Paper III) 

4.3.1 Characteristics of participants 
Ten veterinarians were interviewed, nine female and one male, aged 
approximately 30–65 with 5–40 years since graduation. They represented 
diverse geographic regions of Sweden and predominantly worked in small 
animal practice, with professional backgrounds spanning various clinic types 
and sizes, including both primary care and referral practices. 

 

 
Figure 8. Thematic structure and summaries of themes in veterinarians’ experiences of 
managing DM in cats and their owners. 

4.3.2 Thematic structure 
One overarching theme that relates to veterinary prioritisation of the cat's 
wellbeing tied together three themes constructed from the data. The first 
theme, the owner is the key, explored the narrative of how veterinarians 
approach the role of the owner in decision-making regarding DM. The 
second theme discusses how veterinarians balance medical ideals with 
practical realities; a chance to live. The third theme, better dead than 
suffering, concerns the perception of euthanasia as means of ensuring that no 
unnecessary suffering is caused, and how veterinarians navigate the 
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associated professional and emotional challenges. See Figure 8 for a thematic 
overview.  
 

Overarching theme: At the core of veterinary responsibilities 
Participants consistently framed the cat as the centre of veterinary care and 
cat welfare and QoL as the primary veterinary obligation, inherent to the 
veterinary role. This laid the foundation for further reasoning. At the same 
time, veterinarians described a dual responsibility, recognising the owner’s 
wellbeing as being inseparable from that of the cat. 

“If you have a healthy cat, you have a healthy owner. I often think it goes 
together.” (Carolina)  

Describing animal and human welfare in relation to one another suggests that 
veterinary care encompasses a responsibility in which priorities, as reported 
by some veterinarians, appeared to shift depending on circumstances. In the 
treatment of DM, this becomes especially relevant, given the continuous 
involvement required of the owner. 

Theme 1: The owner is the key 
The first theme explored how veterinarians considered DM management in 
relation to the owner’s willingness and their ability to engage in care. While 
regarding themselves as stewards of the cat’s welfare, there was an 
acknowledgement that this obligation could only be realised through the 
owner. As Karl articulated, “the owners need to trust us and be happy with 
what we do; otherwise, we won’t be able to provide the care the animals 
truly need.” This rather pragmatic view suggests a reality in which 
veterinarians are constrained by the owner’s consent, reflecting how owners 
hold final authority over treatment and euthanasia decisions upon DM 
diagnosis. In this sense, collaboration with owners can be seen not as a 
diversion from the cat’s best interests, but as a prerequisite for achieving 
them. One strategy for enabling such collaboration was careful attention to 
the owner’s perspective. Veterinarians described acknowledging the weight 
of decision-making, validating feelings of overwhelm, and recognising a 
potential disconnect between professional familiarity with procedures and 
owners’ lived experiences: 
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“I think it's important to acknowledge that it’s a big decision [to choose medical 
treatment], that a serious illness [diabetes mellitus] is something that will require 
significant effort. You need to show the owner that you see them, that you 
understand them in this situation.” (Emelie) 

This sensitivity framed the owner not merely as a gatekeeper to treatment 
initiation, but as a partner whose confidence, trust, and emotional wellbeing 
may directly shape the cat’s outcome. The importance of ‘de-dramatising’ 
DM was expressed, and participants described sharing their experiences of 
DM as a manageable disease with the possibility of successful care. Others 
focused on providing detailed, transparent information about the disease, 
treatment demands, and lifestyle changes, thus supporting informed 
decision-making. Both approaches may reflect distinct commitments: the 
former prioritising reassurance and beneficence, the latter emphasising 
respect for owner autonomy and moral agency. Across these strategies, the 
underlying reasoning remained consistent: access to the cat’s wellbeing is 
mediated through the owner. 

Theme 2: A chance to live 
The second theme conceptualises veterinarians’ accounts of engaging 
closely with owners to avoid euthanasia and make treatment feasible in cats 
deemed to have a reasonable chance of responding well to treatment. A key 
to this approach was that not only one optimal treatment regimen exists. 
Participants described how previous experiences of successful clinical 
outcomes served as motivation: if some cats thrive under treatment, 
withholding that opportunity from others may feel unjustified. Employing 
incremental strategies were common:  

“I'm not very strict, so to speak. Rather, I feel that if you can just get things started 
and everything flows smoothly, then you can become stricter later if needed, once 
they [the owners] are on track.” (Susanne) 

By implementing tailored strategies, participants aimed to enhance owner 
compliance and engagement while still fulfilling their perceived obligations 
to the cat. Strategies included initiating dietary changes prior to insulin 
therapy or simplifying DM monitoring. The veterinarian could implement 
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these adaptations even when owners had not explicitly expressed limitations 
or hesitation.  

Treatment plans were also adapted to accommodate the owner's needs 
and capabilities rather than to serve as motivators to commit to care. 
Although there was generally a high level of acceptance for various owner 
reasons to compromise, financial constraint was often viewed as particularly 
frustrating:  

“You try to make something out of nothing, by finding something that might not 
be gold standard, or even silver standard, but at least a bronze standard.” 
(Emma) 

In accounts describing this, frustration appeared to arise not toward the 
owner, but from the tension created by financial constraints, which limited 
the owner’s willingness to treat, the quality of care the cat received, and the 
veterinarian’s professional duty, leaving veterinarians feeling insufficient. 
Modifications described included reducing veterinary visits, accepting less 
stringent disease control to lower the risk of insulin overdose, or relying 
solely on a low-carbohydrate, high-protein diet despite the potential added 
benefit of insulin.  

Theme 3: Better dead than suffering 
The third theme focuses on the veterinarian’s reasoning surrounding 
euthanasia. Euthanasia was conceptualised as an ultimate responsibility to 
prevent suffering when satisfactory care could not be assured, whether due 
to the cat’s condition or the circumstances related to the owner’s willingness 
and ability to ensure adequate medical care. Accounts gave the sense that 
euthanasia was perceived not as a failure, but as prioritising the cat and as 
fulfilment of the veterinarian’s professional obligations: 

“Above all, perhaps, when it comes to recommending euthanasia...When I think 
that this is not okay, we can't do this...That is from the cat's perspective.” (Lotta) 

Within this framing of the animal´s lived experience, different pathways 
were evident. In some accounts, euthanasia was presented as a response to 
insurmountable owner limitations, such as severe illness, where even the 
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most basic treatment could not be provided. Others described an 
uncompromising stance, in which full owner commitment to insulin 
protocols, HBGM, and regular visits was considered a prerequisite for 
initiating treatment: “if you feel that you don’t have the ability, for whatever 
reason, […] then we shouldn’t start, then it’s better to just leave it.” (Karin). 
When owners choose euthanasia despite available treatment, veterinarians’ 
described this as a responsible exercise of ownership. Still, simultaneously 
their accounts spoke of moral loss: 

“It’s not for everyone, and they’re taking responsibility as owners by not letting 
it [the cat] go untreated or simply ignoring it, but it still hurts the heart. […]It’s 
a shame that this cat didn’t get that chance.” (Helen)  

In this context, euthanasia can be framed as a ‘second-best’ option. While 
not ideal, since the cat might have lived well under different circumstances, 
under non-ideal conditions, euthanasia may be reframed as the most 
responsible course of action. In addition to fulfilling obligations toward the 
cat, these accounts also suggest an acknowledgment of the structural limits 
of veterinary care, including owner capacity, financial constraints, and the 
broader social context. 

4.4 Assessment of HPA axis activity (Paper IV) 

Cat characteristics and sampled hair 
Complete questionnaires from 167 cats were included in analysis. From these 
cats, 255 hair samples were analysed for HCC; 109 clipped front leg samples, 
26 clipped abdominal samples, and 120 combed samples. Not all cats were 
sampled from all three locations. Of the cats, 103 were reported as healthy 
and 64 as chronically ill. The most common types of chronic illness were 
DM (n =28), HT (n =19), and CKD (n =14).  

Agreement between sampling methods 
Twenty-three cats had paired hair samples from both the front leg and 

abdomen, with a Spearman’s ρ of 0.72 (CI 0.39–0.89). BA analysis indicated 
a mean difference of 0.38pg/mg (LOA: –6.74 to 7.50), with one value falling 
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outside the limits. Agreement was stronger at lower HCC levels 
(≤5.6pg/mg), see Figure 9. 

Sixty-two cats had hair sampled from both the front leg and by combing, 
with a Spearman’s ρ of 0.61 (CI 0.41–0.76). After removal of three outliers 
(n =59), BA analysis showed a mean difference of –5.51pg/mg (LOA: –
28.05 to 17.02), with three values falling outside the limits. As with 
abdominal samples, agreement was greatest at lower concentrations 
(≤10pg/mg) and declined with increasing HCC, see Figure 9. 

 
a)                       b) 

 
Figure 9. Bland-Altman plots of agreement between hair cortisol concentrations (pg/mg) 
in hair from a) the dorsal area of the front leg and the abdomen (n=23), b) the dorsal area 
of the front leg and combed samples (n=59). 

Associations between cat characteristics and HCC 
In clipped front leg hair samples (n =109), back-transformed predictions of 
HCC were associated with reproductive history, with higher values in 
females that had experienced oestrus or pregnancy compared to spayed 
females (p =0.008). Higher HCC was also associated with living in a multi-
cat household (p =0.042), regardless of whether owners observed inter-cat 
conflict.  

In combed hair samples (n =120), back-transformed predictions of HCC 
were associated with sex, with intact males showing higher values than 
spayed females (p =0.013). Higher HCC was also associated with the 
presence of chronic disease (p =0.025), independent of whether clinical signs 
were reported.  

Factors not associated with HCC in either regression model included age, 
primary hair colour, coat pattern, hair length, household location, presence 
of other animals or children (<18 years), indoor or outdoor access, and age 
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at household introduction. Neither exposure to potential stressors nor the 
display of stress-related behaviours predicted HCC. 
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DM is a complex disease, and management involves the owner, the cat and 
the veterinary clinician. This thesis aimed to broaden the understanding of 
DM management in cats by integrating perspectives from clinical practise, 
owners, and veterinarians. The work assessed disease outcomes and their 
impact on both cats and owners, examined the practical, emotional, and 
ethical challenges faced by owners in providing treatment, and analysed 
veterinarians’ reasoning and experiences balancing perceived 
responsibilities with contextual constraints. Hair cortisol concentrations 
(HCC) were evaluated, including a low-stress hair sampling method, with 
results related to cat characteristics and presence of chronic disease. 
Collectively, the results contribute to an understanding of DM in cats as both 
a clinical condition and a lived reality, shaped by treatment outcomes, 
human–animal relationships, and professional responsibilities.  

5.1 Disease outcomes (Paper I) 
This study provides information on the clinical reality of cats with DM and 
their owners, and informs later discussions on owners’ and veterinarians’ 
experiences.  

5.1.1 Mortality and survival time  
Of the 477 cats, 15% were euthanised within 4 weeks of receiving their DM 
diagnosis, which is in accordance with previous studies (Kraus et al., 1997, 
Goossens et al., 1998, Callegari et al., 2013, Niessen et al., 2017). Reasons 
for this included a reluctance to let the cat suffer and a stated poor prognosis, 
which suggests an owner’s concern over their cat´s QoL guides euthanasia 
decisions. For younger cats, the prospect of long-term therapy or a more 

5. Discussion 
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complex disease course may have discouraged owners from initiating 
treatment, explaining the interaction between cat age and a worry about DM-
related costs on early euthanasia. For older cats, especially those over 15 
years of age, reduced survival among owners anticipating euthanasia may 
reflect limited acceptance of DM in advanced age, and a perception that 
treatment is less justified late in life. The presence of comorbidities may 
affect initial survival in newly diagnosed cats (Kraus et al., 1997, Niessen et 
al., 2017, Gottlieb et al., 2024) and overall survival time (Callegari et al., 
2013). In our study, no association between the presence of concurrent 
disease and initial survival or survival time was seen, and a low proportion 
of reported concurrent or recurrent diseases (7%, 35/477 cats) may have 
contributed to the lack of association. However, 21% of owners of cats not 
surviving more than four weeks after diagnosis reported presence of 
concurrent diseases as a contributing reason, suggesting influence of newly 
emerging or diagnosed co-occurring diseases.  

Variations in study design and reporting may limit comparisons of 
survival time (Kraus et al., 1997, Goossens et al., 1998, Callegari et al., 2013, 
Niessen et al., 2017, Gottlieb et al., 2024, Waite et al., 2025), and more 
precise data on the interval between DM diagnosis and death in the present 
study would have facilitated such comparisons. Nonetheless, our ≥1, 3 and 
5-year survival rates are consistent with earlier findings (Kraus et al., 1997, 
Goossens et al., 1998), although survival here was calculated as the shortest 
possible time after diagnosis, indicating that many cats likely lived longer. A  
recent study reported a median time to death of only 68 days (Waite et al., 
2025), but such discrepancies may reflect differences in study populations, 
disease course, and the variables included in survival analyses. 

The observed association between longer survival, absence of perceived 
owner worries about medication, and better cat QoL may indicate a more 
favourable disease course with improved glycaemic control and greater 
treatment stability. It may also suggest that cat QoL improved after an initial 
treatment period, reflecting the time required to establish glycaemic control 
and adapt to management routines (Albuquerque et al., 2019). Conversely, 
shorter survival may be linked to unstable disease control and reduced QoL, 
potentially reinforced by owner stress and difficulties in maintaining 
treatment routines.  
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5.1.2 Remission 
Remission is a highly desirable outcome for cats with DM and their owners. 
It is believed to occur through reversal of glucotoxicity (Zini et al., 2009), 
supported by promptly initiated hypoglycaemic treatment (Marshall et al., 
2009). Remission rates have been shown to vary widely between different 
studies, study designs and treatment protocols (Bennett et al., 2006, Hall et 
al., 2009, Marshall et al., 2009, Roomp and Rand, 2009, Zini et al., 2010, 
Gottlieb et al., 2024). Of the 29% of cats that achieved remission in this 
study, more than a third experienced relapse, which is in line with what has 
been previously recorded (Roomp and Rand, 2009, Zini et al., 2010, Gottlieb 
et al., 2024). No association between remission and hypoglycaemic 
treatment or home glucose monitoring were seen, however, 91% of the cats 
were treated with insulin. As no information on disease course, type of 
insulin and monitoring protocols, or glycaemic control, were available, it is 
possible that the effect of these factors on the odds of remission is 
underestimated. Noteworthy, in the European Union, protamine zinc insulin 
was approved for use in cats in 2013, making it more probable that the insulin 
administered to the cats in this study being medium-acting (lente insulin, 
Caninsulin), or, although perhaps less probable at the time, other long-acting 
formulas approved for use in humans (e.g., glargine insulin).  

Interestingly, in this study, a similar proportion of cats achieved remission 
6-9 or ≥12 months after receiving their DM diagnosis compared to a few 
months after DM diagnosis. Again, detailed information on treatment 
protocols was not available, and factors that could potentially explain these 
later occurrences of remission are progressive weight loss, lowering insulin 
resistance, later treatment of other co-morbidities that facilitate insulin 
resistance, or that hypoglycaemic treatment may preserve enough β-cell 
function to facilitate a later remission. Previously, remission has most 
commonly been reported in the months following DM diagnosis, but it 
cannot be excluded that shorter follow-up time affected the reported 
remission rates in some studies (Bennett et al., 2006, Boari et al., 2008, Hall 
et al., 2009, Riederer et al., 2016). Information on the possibility of a late 
remission might serve as encouragement for owners, who might lose hope 
and wish for treatment discontinuation if remission is not promptly achieved 
in their cat. Because of the study design, information on how DM diagnosis 
and remission was confirmed was lacking. Thus, the inclusion of wrongly 
diagnosed DM cases, e.g. stress-induced hyperglycaemia cases, cannot be 
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excluded (Niessen et al., 2022), which could have influenced the reported 
remission rate. However, this seems unlikely as such misclassifications 
would result in a high proportion of early remissions. 

The role of the diet in treatment of DM is well established, although more 
research is needed to evaluate its role in promoting remission (Gostelow et 
al., 2014). The association between CA wet food and increased odds of 
remission seen in this study can be explained by low carbohydrate contents 
(Singh et al., 2015) or by the weight loss properties of wet diets (Wei et al., 
2011) and nutritional contents (de-Oliveira et al., 2008), facilitating reversal 
of insulin resistance, or a combination of both. There are many factors 
contributing to insulin resistance (Scott-Moncrieff, 2010) and while some 
cats may achieve remission even when fed a higher-carbohydrate diet 
(Bennett et al., 2006, Hall et al., 2009, Gottlieb et al., 2024), for others dietary 
management alone can be crucial. Further studies are needed that more 
clearly compare the properties of different diets. Commercially available 
diets are easily accessible to owners and may lower the initial barrier to 
treatment by making the process feel less daunting. 

Cats in remission show metabolic abnormalities regarding β-cell capacity 
and cell sensitivity to insulin (Gottlieb et al., 2020), and lowering the 
demands of insulin-producing cells seem reasonable (Gostelow and 
Hazuchova, 2023). The association between CA wet diet and staying in 
remission emphasises the current recommendations of continuing wet, low-
carbohydrate diets after remission (Behrend et al., 2018). However, 
information on whether owners kept their cats on the chosen diet was not 
available and some owners may have changed their cat’s diet after achieving 
remission. 

5.1.3 Impact of DM on cat and owner 
Remission was associated with an increased QoL of the cat. A disease state 
independent of hypoglycaemic treatment and the cat being able to maintain 
euglycaemia may seem obviously preferable to the opposite. However, 
among owners of cats that were alive at the time of the survey, a majority 
assessed their cat´s overall QoL at that time as excellent or good, independent 
of remission. This suggests that although owner perceived QoL of the cat 
may be better in cats achieving remission, owners can still judge QoL as 
satisfactory even when remission is not achieved. This emphasises QoL as a 
disease outcome in and of itself and other disease outcomes and treatment 
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protocols should be assessed in relation to this. In this study, QoL was 
subjectively assessed by owners, and which properties they ascribed to the 
concept were not known. Using a validated DM specific QoL tool could have 
improved assessment and made results more comparable with other studies.  

Experiencing challenges and difficulties associated with DM 
management was common, and included both concerns about perceived 
limitations in owners’ lifestyle and worries over DM-related concepts, 
similar to what has been reported elsewhere (Niessen et al., 2010, 
Aptekmann et al., 2014, Hazuchova et al., 2018, Albuquerque et al., 2019). 
About half of the owners reported lifestyle limitations and over a third 
expressed concern about complications, yet neither were linked to decreased 
odds of the cat surviving the first four weeks. This may reflect that such 
challenges emerge mostly after treatment has begun, as only 13% of owners 
of cats that did not survive more than four weeks cited treatment difficulty 
as the reason.  

5.2 Experiences of owners and veterinarians 
While Study I provided insights into clinical management of DM in cats, 
Studies II and III explored the reasoning, motivations, and emotional 
responses that underlie treatment decisions, and how these interpretations 
shape day-to-day management practices.  

5.2.1 Perceived responsibilities of care 
Both owner and veterinarian perspectives placed ‘responsibility’ at the centre 
of reasoning, although each group framed it differently. For owners, while 
rationales for initiating treatment were often vaguely articulated, the primary 
justification was strikingly consistent and embedded in a moral 
understanding of ownership as an enduring obligation. Owners perceived 
their responsibility as a duty that was created when they acquired their cat. 
In this sense, owner responsibilities are obligatory once the cat enters the 
human system of created dependency (Cooke, 2011). With the cat living in 
a world in which humans set the boundaries, owners assuming that this duty 
extends to include advanced medical treatment signals a perception of owner 
responsibility that clearly goes beyond the cat´s lawful status as mere 
property (Glanville et al., 2020). In the interviews, it became clear that these 
boundaries were not to be defined by factors related to finances or 
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convenience, and owners’ view of responsible ownership was incompatible 
with not doing what could be done for the cat. In this context, euthanising 
the cat upon DM diagnosis challenges the societal norms that allow 
euthanasia based on owner convenience (Sanders, 1995, Batchelor and 
McKeegan, 2012).  

That owners described their cats as “a child” or “family member”, in 
contrast to, e.g., terms of function (“a barn cat”), reflects an anthropomorphic 
view of the relationship between human and cat. Owners’ perceptions of 
their relationship with their cat have been linked to owner behaviours, 
including protective behaviour and the quality of care provided (Bouma et 
al., 2021). It is reasonable to believe that how owners articulate their 
relationship with the cat and their desired form of relationship also affects 
decisions in the context of veterinary care and DM. In addition to considering 
the cat a part of the family, dimensions of affinity also included the special 
properties of the inter-species bond, implying that the cat is valued both for 
its intrinsic being and because the owner perceives the relationship as unique, 
an example of how humans can construct meaning around their relationships 
with animals (Beverland et al., 2008). In the interviews, affinity was also 
understood in terms of both duration and social context, where the length and 
perceived strength of the relationship and the ways in which care was 
negotiated within household dynamics became central. The cat has been 
appreciated for its independence, for providing support and company 
(Zasloff, 1996), and is valued for strong attributes such as 'love' or 
'personality' (Hoffmann et al., 2018), and how the bond with the cat is 
experienced is shaped by the individual and their needs within the 
relationship (Stammbach and Turner, 1999). Differing needs and levels of 
attachment among family members and weaker or newer bonds, lacking 
reciprocity (Ines et al., 2021), may therefore influence interpretations of 
responsibility. Together, these accounts demonstrate that decisions regarding 
DM treatment are actively negotiated within a social and emotional context, 
where varying acceptance of DM management and perceptions of owner 
responsibilities co-exist.  

For veterinarians, the concept of responsibility primarily centred on 
duties regarding the welfare of the cat, which aligns with professional and 
normative obligations and the ethos of veterinary care (Morgan and 
McDonald, 2007, Weich and Grimm, 2018, Springer et al., 2019). These 
responsibilities extended beyond providing medical treatment to encompass, 
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most importantly, the cat’s QoL. By emphasising this, QoL was positioned 
as an essential outcome in its own right, requiring attention not only to 
clinical parameters but also to the broader biopsychosocial context in which 
treatment is delivered, as highlighted in both human DM management 
(McMillan et al., 2004) and in cats (Niessen et al., 2010). However, care for 
the cat cannot be exercised in isolation. Veterinarians, to varying degrees, 
also framed their responsibilities as extending to the owner, reflecting a more 
holistic approach to practice. Incorporating the owner within veterinary 
responsibilities encapsulates the moral and professional foundation of 
veterinary care: advocating for the cat’s best interests and ensuring its 
wellbeing while simultaneously recognising the interconnected relationship 
between animal and owner (Tannenbaum, 1985). Still, this dual 
responsibility carries an inherent conflict, as it requires negotiation between 
prioritising the cat’s welfare and acknowledging the owner’s needs. 

5.2.2 The role of the owner 
Not surprisingly, owner ability is recognised as important and as a factor that 
must be taken into consideration in veterinary decision-making regarding ill 
animals (Grimm et al., 2018, Deelen et al., 2023b). This was also evident in 
veterinarians’ interviews, where safeguarding the cat’s welfare was 
articulated as being inseparable from the owner’s capability and willingness 
to provide or decline medical care. Recognising that cat QoL ultimately 
depended on the owner, this positions the veterinarian–owner relationship 
not as a secondary concern, but as a necessary condition for fulfilling 
responsibilities regarding the cat. Veterinarians’ accounts of communication 
with owners at the time of a DM diagnosis included validation of owner 
concerns and feelings of overwhelm. This demonstrates an awareness of the 
concerns associated with DM treatment, as has been shown in previous 
studies (Niessen et al., 2010, Aptekmann et al., 2014, Hazuchova et al., 
2018), and as seen in the first study of this thesis.  

 Some veterinarians fostered trust through encouragement and positive 
framing of previous treatment outcomes, aiming to reduce owner anxiety and 
strengthen confidence. For others, the emphasis lay in providing extensive 
information about the disease and its management, thereby enabling the 
owner to make an informed decision. These strategies represent different 
ways of engaging with owners, and both share the goal of fostering trust and 
building a partnership, an important condition for treatment adherence and, 
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ultimately, for preserving the cat’s QoL (Abood, 2007). This suggests that 
veterinary communication style not only reflects the dynamic of the 
relationship with the owner, e.g., a more paternalistic or shared approach 
(Christiansen et al., 2015), but is also indicative of how they approach the 
owner as a means of obtaining the outcomes they assess as the most 
beneficial in guarding the cat’s QoL. 

5.2.3 Pragmatism in DM treatment 
Owners were highly aware of their active role in DM management and in 
ensuring the QoL of their cat, and cat wellbeing functioned as a guiding 
principle in treatment-related decisions. However, while some owners were 
able to integrate the recommended DM management plan into their lifestyle 
with ease, others found themselves having to adapt treatment protocols to be 
able to proceed, for reasons related both to themselves and their lifestyle and 
to the cat. Supporting the rationale for these adaptations was the notion that 
no treatment would lead to euthanasia, a decision that, proposedly, conflicts 
with the view owners could have of themselves as responsible cat owners. 
By ensuring cat QoL, owners could justify making some adjustments to the 
treatment plan while also taking responsibility for their situation. Creating a 
regimen that worked for both themselves and their cat thus constituted a 
morally defensible compromise.  

This pragmatic approach was also echoed among veterinarians, 
recognising that modifying treatment regimens represents a legitimate, and 
sometimes necessary, strategy to avoid euthanasia and make DM 
management possible and sustainable for both owner and cat. As with 
owners, the rationale for this flexibility was grounded in being able to 
safeguard the cat’s QoL. Often, reasoning was framed in terms of offering 
the cat a chance at treatment and, ultimately, a chance to live. Emphasising 
medical actions performed in the prospect of a good QoL of the cat may 
frame euthanasia as undesirable, as it deprives the cat of this possibility, as 
argued by Yeates (Yeates, 2010). This suggests an attempt to avoid 
euthanasia in situations where it would not align with the veterinarians’ 
professional role or ethical convictions, e.g., when a disease is treatable and 
treatment could be initiated, were it not for limitations in owner capacity 
(Yeates et al., 2011, Ogden et al., 2012). Adaptations in the desired 
management plan were implemented both proactively, without owners 
explicitly requesting adjustments, and in direct response to owner´s 
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expressed wishes and needs. Based on prior experiences of how owners react 
and perceive DM management, the former strategy may increase the 
likelihood that owners would initiate treatment. However, framing decisions 
around what veterinarians deemed feasible may risk blurring the line 
between supporting and steering the owner, thus limiting the owners’ role in 
decision-making and challenging their autonomy (Christiansen et al., 2015).  

In contrast to treatment modifications serving as motivational tools and 
rational means of sustaining adherence, financial constraints set absolute 
limits to what could be offered and imposed boundaries that could not be 
negotiated or modified in the same way as, e.g., lifestyle-related factors. In 
this context, veterinarians’ role was to support owners in maximising the 
value of limited interventions while upholding the responsibility to prioritise 
the cat’s QoL. As reported in other studies (Batchelor and McKeegan, 2012, 
Moses et al., 2018), financial obstacles were perceived as very stressful. 
Although actual costs related to DM management have been reported as 
lower than predicted after a time of treatment (Albuquerque et al., 2019) it is 
still a concern for many owners, and costs associated with treatment 
influence clinical decisions and veterinary ability to provide the desired 
medical care (Kipperman et al., 2017). However, in interviews, veterinarians 
emphasised that they did not adjust medical advice based on presumptions 
of an owner’s finances, but rather when owners expressed limited monetary 
circumstances. This could reflect a response to owners' expectations that the 
veterinarian will prioritise the animal's wellbeing over cost considerations 
(Coe et al., 2007), or a prioritisation of care for the cat and respect for the 
owner by not forming preconceived ideas about them.  

In these accounts of both veterinarian and owner perspectives, 
pragmatism functioned not as an abandonment of responsibility but as a way 
of upholding it within non-ideal conditions. However, it introduces ethical 
ambiguity in how far DM management protocols can be adjusted before 
treatment risks comforting the owner at the cost of the benefit to the cat. 

5.2.4 Effects of caregiving and the weight of euthanasia decisions 
Considering the specific demands of DM management, including the need 
for regularity and the extensive responsibility placed on owners in home 
care, it is perhaps unsurprising that owner accounts of long-term disease 
management were marked by feelings of guilt, frustration, and concern for 
the future. However, the extent to which these feelings affected owners and 
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occupied their life-space was notable. Framing the dependence of the cat on 
the owner to provide care worked as a central factor for this emotional 
distress, particularly when caregiver responsibilities conflicted with the 
owner’s wish to prioritise, for example, social life or spontaneity. Although 
not explicitly addressed in interviews, owner accounts resonate with 
previously reported caregiver burdens among owners of chronically ill 
companion animals, including the negative impact of care on perceived stress 
levels, social life, and feelings of insufficiency related to the care of the 
animal (Spitznagel and Carlson, 2019). In interviews, this was particularly 
apparent among owners who identified themselves as the primary caretaker. 
This suggests that in the context of DM management, the inability to rely on 
others may contribute to feelings of social isolation and intensify the burden 
of care, as underlined by previous results here (Paper I) and elsewhere 
(Niessen et al., 2010). 

It has been argued that the active choice of medical care over euthanasia 
may predispose owners to a more positive caregiving experience, indicating 
that providing care to an animal in need is associated with positive 
psychological outcomes, such as increased feelings of being needed and 
valued (Britton et al., 2018). The insights gained from owner interviews 
nuance this notion. Even though positive accounts of meaningfulness were 
present, the perceived responsibility of choosing treatment also contributed 
to more negative elements of caregiving. This was especially tangible if the 
cat did not respond as hoped to treatment, if owner struggled with the strain 
of DM management, or upon an owner doubts about whether the cat really 
benefits from the treatment.  

Considering euthanasia, owners’ accounts of having made past 
commitments to sustain the cat´s life through the course of DM with repeated 
decisions on treatment continuation can make a euthanasia decision 
increasingly burdened with guilt. This made the decision harder. Owners 
typically viewed euthanasia as being justified only when the cat’s wellbeing 
and QoL had irreversibly declined, a prioritisation in line with other studies 
on important factors in owner end-of-life decisions (Slater et al., 1996, 
Reynolds et al., 2010, Christiansen et al., 2015, Littlewood et al., 2021). 
Thus, euthanasia was framed as an act of compassion, bringing relief for the 
cat. Guilt has been described to be present in owners of companion animals 
before and after euthanasia (Bussolari et al., 2018, Spitznagel et al., 2020). 
In owner interviews, guilt was present simultaneously with the owner 
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believing further intervention was futile and when euthanasia was left as the 
only reasonable choice, possibly related to the conflict rising from going 
against one´s self-concept of responsible ownership (Hewson, 2014), but 
perhaps also reflecting the depth of the owner–cat relationship. Owners’ 
considerations of hoping for a natural death may reflect an attempt to 
redistribute the moral burden of decision-making while preserving their self-
understanding as responsible guardians of the cat’s wellbeing. Within this 
rationale, seeking decisive veterinary guidance, including prognostic 
information, played an important role for many owners. This could not only 
reflect a desire to make decisions on the best possible grounds, but also to 
avoid becoming ‘blind’ to subtle signs of the cat’s declining condition. 
Systematic discussions of QoL at different life stages may support early 
recognition of deterioration (Yeates and Main, 2009, Niessen, 2011), 
offering owners a framework for interpreting changes that might otherwise 
be difficult to perceive. Importantly, a trusting veterinarian–owner 
relationship remains critical throughout the entire course of DM 
management, including the terminal stage.  

5.2.5 Euthanasia as being the best interest of the cat 
Across veterinarians´ narratives, overlapping but distinct framings of 
euthanasia were constructed, each reflecting how veterinarians negotiated 
their responsibilities toward the cat, the owner, and themselves. Reflections 
included experiences from both when DM was first diagnosed and in later 
stages of disease management.  

Euthanasia was generally understood as an act that was in the cat’s best 
interest, justified in relation to the overall responsibility to protect the cat 
from suffering. Within this framing, ensuring relief from suffering could be 
seen as the highest expression of veterinary responsibility (McMillan, 2001), 
providing a peaceful passing, or a “good death” (Matte et al., 2019). In 
practice, whether due to an irreversible decline in the cat’s condition or 
because the owner was unable to provide DM care, veterinarians reasoned 
that euthanasia was the most welfare-oriented choice, blurring the lines 
between euthanasia categorised as absolute or contextually justified (Yeates 
et al., 2011). However, veterinarians must handle to interests of both animal 
and owner, and acting in what is presumed as the cat’s best interest does not 
necessarily require consideration of the owner’s interests (Yeates and Main, 
2010, Rollin, 2013). By requiring total owner commitment to more rigorous 
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treatment protocols, allowing no deviations or compromises with what was 
perceived as optimal treatment for the cat, a strong advocacy for the cat was 
demonstrated. In this sense of ‘all-or-nothing’, the cat was safeguarded by 
protecting it from potential upcoming suffering stemming from inadequate 
or compromised care, deemed likely to happen if full commitment to 
veterinary visits, and treatment protocols were lacking. By avoiding harm 
that could arise from inadequate care, this precautionary approach resembles 
euthanasia decisions informed by veterinarians’ prior negative experiences 
with the quality of care provided by some owners (Deelen et al., 2023a). This 
approach may also include consideration for the owner, as initiating a 
burdensome treatment with a deemed low likelihood of success could be seen 
as unjustifiable, hand at the cost of owner autonomy (Morgan and 
McDonald, 2007). 

Although veterinarians approached euthanasia with a practical 
perspective, accounts of where DM treatment was both available and feasible 
but declined by the owner, were described with a sense of regret. While 
euthanasia could be framed as a responsible owner decision, the cat was 
perceived as having lost the chance of a life worth living. Such situations 
expose the limits of the veterinarian’s role as the animal’s advocate 
(Coghlan, 2018), rendering emotional distress. While respecting owner 
autonomy and meeting owner expectations on the consultation were seen as 
other parts of the veterinarian’s responsibility, participants also expressed 
grief, frustration, or regret at what might have been possible under different 
conditions.  

5.3 HCC (Paper IV) 
Veterinarian and owner reasoning is focused on the cat’s wellbeing, with 
QoL and welfare guiding clinical decision-making. Managing DM involves 
daily treatment routines and lifestyle adjustments that can contribute to stress 
in the cat, yet stress is often difficult for owners to assess. Study IV evaluated 
hair cortisol concentration (HCC) as an objective indicator of long-term HPA 
axis activity and stress in cats.  

5.3.1 Comparison of sampling methods and locations 
Traditionally, hair for cortisol analysis has been collected by clipping or 
shaving an area on the animal. To ensure inclusion of only actively growing 
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hair, sampling may be performed using the shave–reshave method, which 
involves an initial shave followed by collection of regrown hair through a 
second shave. In domestic cats, hair has been predominantly shaved (Accorsi 
et al., 2008, Kim et al., 2025), or clipped, using mechanical devices (Galuppi 
et al., 2013, Contreras et al., 2021) or scissors (Finkler and Terkel, 2010, 
Wojtaś, 2023), and only one study has applied the shave-reshave method 
(Contreras et al., 2021). Recruitment of animals for clinical studies can be 
challenging. Common reasons that may influence cat owners’ willingness to 
participate include concerns about potential discomfort to their cat and 
apprehension regarding transportation required for study involvement 
(Gruen et al., 2014). Finding ways to facilitate owner inclusion is therefore 
important. We explored combing as a low-stress hair sampling method with 
minimally invasive properties that both cat and their owners accept and could 
easily perform at home.  

In comparison, HCC varied both between and within sampling sites and 
methods, but despite this variability, agreement between methods was 
observed, particularly at lower HCC levels. Several factors may have 
contributed to variation. Differences in body location likely reflected 
variability in hair type, growth rate, follicular activity, and shedding patterns, 
which are known to differ across the feline coat, and both season and 
photoperiod can influence hair growth (Baker, 1974, Hendriks et al., 1997). 
The combing method introduced additional variability, as it samples from a 
broader, less standardised body area and collects a mix of loose hairs, 
potentially influenced by individual shedding and grooming behaviours. 
This likely explains the wider HCC range observed in combed hair samples 
compared to clipped samples (front leg and abdominal), including very high 
cortisol concentrations measured in combed samples from a few individuals.  

Not all cats were sampled across all methods and locations, and the 
modest sample size reduced statistical power in comparisons. The 
importance of repeatability in method comparisons have been accentuated 
(Bland and Altman, 1999), and should be included in future studies of HCC 
analysis in combed hair in cats. Nonetheless, there was consistency in paired 
measurements between methods and locations, and combing represents a 
less-invasive sampling method that can be performed at home, and is 
therefore more attractive to owners and, likely, also to cats.  
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5.3.2 Associations between HCC and cat characteristics, stress and 
health 

Separate regression models were used for assessment of HCC quantified 
from front leg samples (n =109) and from combed samples (n =120), 
respectively, in relation to cat characteristics, stress, and health status. The 
effect of age on HCC has not been studied in juvenile cats, but results from 
other species have indicated an age-dependent decline in HCC (González-
de-la-Vara et al., 2011, Comin et al., 2012). The youngest cats in our study 
were 6 months old at sampling, with sampled hair possibly representing 
cortisol concentrations from approximately 12 weeks of age onward. 
Because of this, and the fact that cats with chronic diseases tend to be of 
middle age or older, and reproductively active cats are often younger, both 
regression models controlled for cat age. Age had no effect on HCC in 
neither clipped or combed hair samples.  

In the present study, no association was found between HCC and 
exposure to potential stressors or the display of stress-related behaviours. 
Previous studies have reported that HCC in cats was higher when behaviours 
such as defecating or urinating outside the litterbox or displaying aggression 
towards family members were reported by owners (Contreras et al., 2021, 
Wojtaś, 2023). However, in one of these studies, owner-reported stress levels 
were not significantly correlated with HCC when other factors related to the 
cat and its home environment were taken into account (Contreras et al., 
2021). A potential explanation for the lack of association in the present study 
could be owners’ limited ability to recognise signs of stress in their cats 
(Mariti et al., 2017), or individual variability in HPA axis activity and 
response to stressors (Miller et al., 2007, Packer et al., 2019, Stella and 
Croney, 2019). Furthermore, differences in temperament and personality, 
which can strongly influence coping strategies and stress responses 
(McCune, 1995, Amat et al., 2016), were not considered in this study and 
may have contributed to the absence of significant associations. The 
questionnaire only included questions on anticipated stress response 
behaviours, and inquiries about cat behaviours that are indicative of good 
welfare (Slater et al., 2013) could have provided a more nuanced analysis 
and interpretation of HPA axis alterations in relation to owners’ perceptions 
of their cat.  

In contrast to previous results (Wojtaś, 2023), cats living in multi-cat 
households had higher HCC compared to cats in single-cat households. A 



77 

multi-cat household was defined as the cat sharing a living space with at least 
one other cat. In multi-cat households, competition over resources may arise, 
leading to inter-cat aggression and other behaviours associated with stress 
(Elzerman et al., 2020). Behaviour and stress levels of cats in both single- 
and multi-cat households are shaped by multiple interacting factors, such as 
environmental enrichment, resource distribution, and social compatibility 
among cats (Carlstead et al., 1993, Rochlitz, 2013). These are all factors that 
could not be controlled for in this study, and no further differentiation 
regarding the number of cohabiting cats was therefore made. It has been 
suggested that it is rather these complex factors than the actual number of 
resident cats that should be considered when evaluating multi-cat household 
dynamics (Finka and Foreman-Worsley, 2022). This finding invokes 
attention to the complex relationship between social and environmental 
factors in HPA axis activity, and further studies would be beneficial for a 
better understanding of feline stress responses in this context.  

Although studies in other species have shown inconclusive results, the 
finding that HCC was associated with pregnancy or oestrus in clipped hair 
samples, and with being an intact male in combed samples, is perhaps not 
surprising. These associations may result from hormonal changes during 
pregnancy, parturition, increased energetic expenditures, and general 
maternal efforts post-partum (Alekseeva et al., 2020, Fusi et al., 2021). 
During pregnancy, cortisol is crucial for foetal development, leading to 
increased circulating cortisol concentrations until parturition (Bacci et al., 
2014). A lower HCC has been reported in spayed free-roaming domestic 
female cats compared to intact females, possibly influenced by agonistic 
behaviour or reproductive status (Finkler and Terkel, 2010). The majority of 
intact females without owner-reported oestrus or pregnancy were at least one 
year old at the time of hair sampling, suggesting presence of oestrus periods 
not reported by the owner (Griffin, 2001). In a study of wildcats and feral 
cats, higher HCC was observed in male cats compared to females, although 
this difference was not statistically significant, possibly due to a small 
sample size (Franchini et al., 2019). The association between male sex and 
HCC should be interpreted with caution, as the limited number of male cats 
in our sample influenced the results, with an uncertainty highlighted by a 
wide CI. A larger sample size is necessary for a more comprehensive 
exploration of HCC and sex in domestic cats. A low proportion of intact 
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individuals may explain the lack of association between sex and HCC 
previously reported in owned cats (Contreras et al., 2021, Wojtaś, 2023).  

The presence of chronic disease was associated with higher HCC in 
combed hair samples. Recently, higher HCC was reported in owned cats with 
later stages of CKD compared to earlier stages (Kim et al., 2025). Previously, 
elevated HCC levels have been associated with dermatophyte infection in 
shelter cats (Galuppi et al., 2013). However, the relationship may go both 
ways as the negative effect of chronic stress on the immune system can 
increase the risk of infectious disease (Pruett, 2003). A higher urine cortisol–
creatinine ratio has been described in cats with HT (De Lange et al., 2004) 
and in hospitalised cats with various diseases (Henry et al., 1996), as well as 
in shelter cats with signs of systemic disease (McCobb et al., 2005). Altered 
activity of the HPA axis may therefore be associated with both the disease 
process, and with events that are related to, but not directly associated with 
disease. This may include veterinary visits and transportation of the cat to 
the clinic (Quimby et al., 2017), animal synchronisation with owner stress, 
as seen in dogs (Sundman et al., 2019), and daily administration of 
medications (Reynolds et al., 2010). Although DM, HT, and CKD were the 
most commonly represented diseases in the studied population, a diverse 
range of diseases was observed, and the cats exhibited various stages of 
illness. Further examination of specific diseases could provide deeper 
insights into the influence of individual diseases and disease states on HCC. 
Interestingly, the presence of clinical signs reported by owners did not show 
an association with HCC. This discrepancy could be attributed to factors 
such as questionnaire design, inaccurate owner reporting, or the owner's 
ability to recognise clinical signs of disease. Furthermore, HPA axis 
dysregulation, manifesting as hypocortisolism following a period of chronic 
HPA axis hyperactivity, might contribute to this observed discrepancy 
(Packer et al., 2019). Although not included as a variable in our study, a dull 
coat condition has been linked to variations in HCC (Contreras et al., 2021), 
to stress (Arhant, 2015), and to chronic diseases such as HT and DM (Greco, 
2001, Carney et al., 2016, Vogelnest, 2017), suggesting an interplay between 
illness, behaviour, and overall wellbeing. The possibility of a disparity 
between the observable condition of a chronically ill cat and its actual 
impact, as measured by HCC, warrants additional investigation.  
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5.4 Limitations and comments on methodologies 
In Study I, the main limitation is that all data were owner-reported, with most 
cats no longer alive at the time of questionnaire completion. This may have 
introduced recall bias and misinterpretations of medical history, and detailed 
information on several aspects was lacking. Participating owners may also 
represent a more motivated subgroup. The definitions of DM and diabetic 
remission were adapted for owner understanding and did not fully align with 
internationally accepted definitions (Niessen et al., 2022), which may limit 
comparability with other studies. Although subjective assessment of the QoL 
of an animal may add important and more holistic qualitative value 
(Belshaw, 2018), such an assessment could also be unreliable, and owners 
may overlook or misinterpret important aspects. Using species-specific 
health tools offer structured and disease-specific QoL assessments, and 
inclusion of such tools may have facilitated a more accurate assessment and 
allowed comparison between studies and populations. Finally, as only 
insured cats were included in the first study, some findings may not be 
generalisable to uninsured populations. 

In Studies 2 and 3, composition of the two participant groups naturally 
shaped the analysis and results, and cultural, gender-related, demographic, 
and other contextual factors likely influenced reasoning (Amiot and Bastian, 
2015). Recruitment through social and professional networks was effective; 
however, a greater proportion of male participants may have been desirable. 
The predominance of female participants may reflect gendered differences 
in decision-making among cat owners managing DM. Factors influencing 
these differences could include the stronger emotional investment in the cat 
reported among female owners (Lue et al., 2008, Grigg and Kogan, 2019) or 
a heightened sense of caregiving responsibilities in women (Bouma et al., 
2021). This imbalance may also mirror broader structural patterns, such as 
the feminisation of the veterinary profession, observed both in Sweden 
(Östensson, 2010) and elsewhere (Federation of Veterinarians of Europe, 
2023). As the interviewer was a veterinarian, responses may have been 
influenced by social desirability or perceived expectations, and the lack of 
anonymity inherent to interviews could have further shaped how 
interviewees responded.  

The terminology used in Studies 2 and 3 reflects the vocabulary chosen 
by participants. However, even though the terms ‘welfare’ and ‘QoL’ have 
been used interchangeably in the literature (McMillan, 2000, Green and 
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Mellor, 2011), no detailed definition or in-depth discussion of what QoL was 
understood to entail was included. The subjectivity inherent in this lack of 
definition may have influenced how veterinarians and owners justified 
prioritising the cat’s QoL above all else, interpreting it as their central 
responsibility. This ambiguity highlights how QoL could be explored further 
as a qualitative research topic in its own right.  

In Study IV, as an observational study, there was limited control over the 
included subjects, and potential confounding factors cannot be excluded. The 
relatively small sample size and sub-groups further restricts the robustness 
of the findings. As discussed in the first study, reliance on owner-reported 
information carries a risk of subjectivity, inaccuracies, recall bias, and 
misinterpretation. No clinical confirmation of the cats’ health status was 
available, and the absence of a validated stress scale or evaluation tool likely 
constrained the accuracy of stress assessment.  
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Diabetes mellitus in cats is a chronic disease that affects the lives of both the 
cat and owner. Its treatment carries both demanding and permissive aspects, 
which may complicate the clinical situation and management. The four 
studies in this thesis collectively contribute new insights for an enhanced 
understanding of DM, with implications for improved clinical management. 
Here, the most important conclusions are reported.  
 

 The remission rate in treated cats was 29%. Of these cats, an 
approximate equal proportion achieved remission within the 
first months of treatment or one year, respectively. Remission 
was associated with a better QoL of the cat. 

 Feeding the cat a commercially available wet diet was associated 
with a higher odds of remission. Considering the 40% relapse 
rate, cats in remission should be monitored for re-occurrence of 
clinical signs of DM.  

 Owners experiencing challenges associated with DM 
management was common, regarding, e.g., perceived lifestyle 
limitations. 

 Owners’ experiences were shaped by the human–cat bond and 
were context-dependent. Thus, individual owner–cat pairs 
require different management approaches.  

 Veterinarians recognised the owner as an inseparable aspect in 
prioritising the cat’s QoL in DM management. Balancing 
flexibility with the potential consequences of suboptimal care is 
relevant in veterinarian–owner communication in shaping 
management plans. 

6. Conclusions, clinical implications, and 
future perspectives  
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 Combing hair demonstrates a potential for simplified, low-stress 
sampling method for quantifying HCC in cats. HCC may serve 
as a component in assessing the impact of chronic disease, but 
should be interpreted in the context of individual cat 
characteristics and living conditions. 

 
Some areas warrants further attention. First, as remission is a highly desirable 
outcome in cats with DM, accentuated by the association with a better QoL, 
more research on optimal management to achieve this is needed. The 
reported association between serving the cat a commercially available wet 
diet and remission could be a result of dietary composition related to both 
nutritional and moisture contents, although information on other factors like 
feeding schedules, weight loss, and management of co-morbidities was not 
available for analysis. The availability of diets in regular supermarkets or 
convenience stores may help reduce barriers to treatment, which can make 
management feel more practical and less overwhelming. Further 
investigation of diets with differing carbohydrate properties are needed, 
perhaps most appropriately conducted though prospective clinical studies.  

The association between QoL and disease outcomes, as well as both 
veterinarians and owners describing how QoL was the main emphasis, 
accentuates the importance of integrating QoL assessments in clinical 
practice and in research. Notably, a majority of owners of cats that were still 
alive and under treatment assessed their cat’s QoL as ‘good’ or ‘excellent’, 
regardless of whether remission had been achieved. QoL should be 
considered an outcome in its own right, against which other disease 
outcomes and treatment protocols should be evaluated.   

The interviews indicate that future QoL assessments in the clinical setting 
benefit from including additional aspects. Alongside established quantitative 
assessment tools, incorporating qualitative elements by asking owners about 
their individual experiences could make assessments more specific. 
Participating cat owners stated how caregiving involved difficult emotions, 
such as guilt and burden, which may persist or change during disease and 
management progress. Repeated evaluations, not only of the cat’s QoL but 
also of the owner’s responsibilities and wellbeing throughout the disease 
course, could improve support for both cat and owner and contribute to more 
sustainable care. In addition, veterinary awareness of the owner’s lived 
experience, including the burden and psychosocial distress they may 
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experience, offers an opportunity to respond, strengthening communication 
and supporting treatment adherence. Decreasing owner burden could also 
serve to improve veterinary psychosocial health by reducing the need to 
compromise between perceived responsibilities toward the cat and the 
owner. 

Our findings suggest that veterinarians’ understanding and definitions of 
cat welfare and QoL are central to how they balance responsibilities toward 
both cat and owner, and how they frame treatment options. Future research 
would benefit from exploring how veterinarians in small animal practice 
conceptualise these definitions. In addition, prospective interview studies 
with owners who chose euthanasia rather than treatment could provide 
deeper insights into the rationale behind such decisions and the factors 
influencing them. Furthermore, exploring perceived challenges in relation to 
the support available from veterinarians, social networks, or online sources 
could help to clarify how the veterinary team may better support owners. 
Including owners and veterinarians from different countries would allow 
comparisons and enhance transferability, as would including quantitative 
research to test the findings within broader populations.  

The non-invasive nature and simple sampling procedure of combed hair 
for HCC assessment provide advantages as an indicator of long-term stress 
in cats. Some variation between hair sampling methods can be expected, and 
comparison with other biological materials, such as faecal cortisol, could 
help determine how well HCC from combed hair reflects circulating cortisol 
concentrations. Future studies should also consider cat personality, stress 
coping mechanisms, and validated behavioural and QoL assessments. 
Finally, analysis of HCC in both cats and their owners could provide further 
insights into how DM affects both. 

The introduction of SGLT-2 offers new possibilities for DM care, but the 
broader implications of this new hypoglycaemic treatment has not yet been 
studied. Therefore, future studies should investigate their impact not only on 
clinical outcomes, but also on the QoL of both cat and owner, as well as on 
the practical and ethical considerations faced by owners and veterinarians. 
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Diabetes mellitus (DM) is one of the most common hormonal disorders in 
cats. It occurs when the body produces too little insulin or does not respond 
to it properly, leading to high blood sugar. Since sugar regulation is vital for 
many body functions, DM is life-threatening without treatment. Medical care 
can lead to good outcomes and even reversal of the disease, or diabetic 
remission, meaning that the cat no longer needs medication to maintain 
normal blood sugar levels. However, handling the disease requires daily care 
and lifestyle adjustments, creating challenges for both cats and their owners. 
Managing DM involves insulin injections, blood sugar monitoring, and 
dietary changes. It also touches on broader issues of quality of life, decision-
making, moral values, and the relationship between veterinarians, owners, 
and cats. In this thesis, four studies were carried out to explore different 
aspects of DM in cats.  

In the first study, owners answered a questionnaire related to experiences 
and clinical outcomes in cats with DM. Within four weeks of diagnosis, 15% 
of cats were euthanised, a decision influenced by the cat’s age and complex 
owner-related circumstances. One third of cats achieved diabetic remission, 
some shortly after diagnosis and others after more than a year of treatment. 
Feeding a commercially available wet diet increased both the chance of 
remission and of maintaining remission. Remission was linked to higher 
quality of life for the cat, but in cats that continued to need for treatment, 
quality of life was still often rated as high, underlining quality of life as an 
important outcome on its own. However, many owners reported practical and 
emotional challenges related to DM management.  

In the second and third studies, interviews were conducted with owners 
and veterinarians to further explore the experiences and considerations of 
DM management in cats. Both owners and veterinarians were guided by a 
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strong sense of responsibility in their decision-making, agreeing that the cat’s 
quality of life should always come first. For owners, this responsibility was 
perceived as a moral duty inherited when acquiring the cat, and shaped by 
the human–cat bond, the cat’s role in the household, and family dynamics. 
For veterinarians, responsibility focused on the cat’s wellbeing while also 
including the owner, to varying degrees. Recognising that the owner’s ability 
and willingness to provide care were inseparable from the veterinary 
responsibility of safeguarding the cat’s welfare made decision-making a 
complex and sometimes emotionally charged process. Caring for a cat with 
DM could be both a joy and burden for owners, with feelings of guilt, 
especially when euthanasia was considered. Veterinarians also found these 
situations difficult, particularly when an owner’s choice conflicted with what 
they believed was best for the cat. 

Both the disease itself and its management may contribute to stress in the 
cat. Stress can affect the welfare of the cat but is often difficult to assess. 
Upon activation of the stress axis, the hormone cortisol is released into the 
bloodstream. Cortisol is gradually incorporated into the body’s hair shafts, 
and therefore, cortisol can be measured in hair to assess long-term cortisol 
levels and evaluate stress. In the fourth study, this approach was used to 
assess long-term stress axis activity in healthy cats and cats with chronic 
disease, including DM. A novel hair sampling method, in which cats were 
combed, was also evaluated. Cats with chronic diseases had higher hair 
cortisol levels, suggesting that illness and different aspects of disease 
management may influence stress physiology. Combing appears to be a 
promising method for collecting hair samples. However, interpreting hair 
cortisol requires consideration of individual characteristics and living 
conditions, and further research is needed. 

Taken together, these studies provide new insights into the clinical, 
emotional, and ethical aspects of diabetes management and monitoring in 
cats. They emphasise that successful treatment involves not only controlling 
blood sugar, but also safeguarding the cat’s quality of life, supporting 
owners, and helping veterinarians navigate complex decisions. 
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Diabetes mellitus (DM) är en av de vanligaste hormonella sjukdomarna hos 
katter. Den uppstår när kroppen producerar för lite insulin eller inte svarar 
korrekt på det, vilket leder till för högt blodsocker. Eftersom sockerreglering 
är avgörande för många kroppsfunktioner är DM livshotande utan 
behandling. Med rätt vård kan dock goda resultat uppnås, och sjukdomen 
kan till och med gå i remission, vilket innebär att katten inte längre behöver 
medicin för att upprätthålla normala blodsockernivåer. Att hantera 
sjukdomen kräver daglig omvårdnad och olika livsstilsanpassningar vilket 
kan skapa utmaningar för både katten och dess ägare. Sjukdomshantering 
innebär en behandling med dagliga insulininjektioner, blodsockermätningar 
och kostanpassningar, men inbegriper också bredare frågor om livskvalitet, 
beslutsfattande, moraliska värderingar och relationen mellan veterinär, ägare 
och katt. I denna avhandling genomfördes fyra studier för att undersöka olika 
aspekter av DM hos katt. 

I den första studien besvarade kattägare en enkät om erfarenheter av DM 
och sjukdomsutfall. Inom fyra veckor efter diagnos hade 15% av katterna 
avlivats, ett beslut som påverkades av kattens ålder och olika ägarrelaterade 
omständigheter. Knappt en tredjedel av de katter som behandlades uppnådde 
remission, vissa kort efter diagnos och andra efter mer än ett års behandling. 
Utfodring med kommersiellt tillgänglig blötmat ökade chansen till 
remission. Remission var kopplad till högre livskvalitet hos katten, men även 
bland katter som fortsatt behövde behandling skattades livskvaliteten som 
hög för många. Detta understryker livskvalitet som ett viktigt utfall i sig. 
Samtidigt rapporterade många ägare både olika praktiska och känslomässiga 
utmaningar kopplade till sjukdomshanteringen, exempelvis svårigheter att 
resa på semester eller oro för kattens behandling. 
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I den andra och tredje studien genomfördes kvalitativa intervjuer med 
ägare och veterinärer för att fördjupa förståelsen för erfarenheter av att 
hantera DM hos katt och hur beslut om vård fattas. Både ägare och 
veterinärer styrdes av en stark känsla av ansvar och var överens om att 
kattens livskvalitet alltid ska komma i första hand. För ägarna sågs detta 
ansvar som en moralisk plikt kopplas till ägarskapet. Beslut om behandling 
formades av relationen till katten, kattens roll som familjemedlem, och 
dynamiken i hushållet. För veterinärerna låg fokus på kattens välfärd, men 
för att kunna säkerställa kattens livskvalitet måste de förhålla sig till ägarens 
förmåga och vilja att ge vård. Detta gjorde beslutsfattandet komplext och 
ibland känslomässigt krävande. Att vårda en katt med DM kunde både 
skänka glädje och orsaka belastning för ägaren, med upplevelser av skuld när 
avlivning övervägdes. Även veterinärer upplevde dessa situationer som 
svåra, särskilt när ägarens beslut stred mot vad de ansåg vara bäst för katten. 

Sjukdomen i sig, liksom dess behandling, kan bidra till stress hos katten. 
Stress kan påverka kattens välfärd men är ofta svår att bedöma. Vid 
aktivering av stressaxeln frisätts hormonet kortisol i blodet, vilket successivt 
lagras in i kroppens hårstrån. Därför kan kortisol mätas i hår för att undersöka 
långvariga kortisolnivåer och uppskatta stress. I den fjärde studien användes 
denna metod för att bedöma långvarig aktivitet över stressaxeln och stress 
hos friska katter och hos katter med kronisk sjukdom, inklusive DM. En ny 
metod för hårprovstagning, där katterna kammades, utvärderades också. 
Katter med kronisk sjukdom hade högre hårkortisol, vilket tyder på att 
sjukdom i sig och olika moment kopplade till hantering och behandling kan 
påverka stressfysiologin. Kamning verkar vara en lovande metod för att 
samla in hårprover. Dock kräver tolkning av hårkortisol hänsyn till kattens 
levnadsförhållanden och olika individuella egenskaper, och mer forskning 
behövs.  

Sammanfattningsvis ger dessa studier nya insikter i de kliniska, 
känslomässiga och etiska dimensionerna av DM hos katt. De visar att 
framgångsrik behandling inte bara handlar om att kontrollera blodsockret, 
utan också om att säkerställa kattens livskvalitet, stödja ägare och vägleda 
veterinärer i komplexa beslut. 
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Abstract

Background: Remission is documented in a substantial proportion of cats with diabe-

tes. The effects of diabetes mellitus (DM) on the lives of cats and their owners should

be considered when evaluating treatment success.

Objectives: To study outcome in cats with DM and the impact DM has on the life sit-

uation of cat and owner.

Animals: Domestic and pedigree cats with a diagnosis of DM (n = 477) insured by a

Swedish insurance company during 2009 to 2013.

Methods: Retrospective cross-sectional study. A questionnaire was sent to 1369

owners of cats diagnosed with DM. The questions concerned the cat, treatment,

owner perceptions of the disease and treatment and disease outcome. Data were

analyzed using multiple linear and logistic regression, with outcomes set as survival

for more than 4 weeks after diagnosis, survival time, achieving remission, remission

without relapse and quality of life (QoL) for the cat.

Results: The response rate was 35%, leaving 477 questionnaires for analysis. The

remission rate among treated cats was 29% (118/405). Feeding a commercially avail-

able wet diet was associated with both remission (OR 3.16, 95% confidence interval

1.27-8.12) and remission without relapse (OR 14.8, 95% confidence interval

2.25-153.8). Remission was associated with a better QoL for the cat.

Conclusions and Clinical Importance: The association between feeding a commer-

cially available wet diet and remission is important and strengthens the role of diet in

treatment of DM in cats. Linking remission and a better QoL for the cat emphasizes

remission as a goal in disease management.

K E YWORD S

feline, outcome, owner, perceptions, treatment, wet diet

1 | INTRODUCTION

The quality of life of chronically sick animals and their owners is

attracting increased attention, and its importance for owners and clini-

cians is substantial.1-7 Diabetes mellitus (DM) is a common chronic

endocrine disease in cats.8-11 Caring for a diabetic cat entails

Abbreviations: CA, commercially available; CI, confidence interval; DM, diabetes mellitus;

HBGM, home blood glucose monitoring; LC, low carbohydrate; OR, odds ratio; QoL, quality

of life.
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potentially adversely effects on owners' and cats' lifestyle and quality

of life (QoL). Long time management of DM includes minimization of

clinical signs, and diabetic remission is documented in a substantial

proportion of cats.

Associations between treatment regimen and remission have

been investigated,12-20 but because of shortage of well-designed

studies no clear evidence of a superior treatment protocol exists.21

Adjustments toward an ultralow carbohydrate diet are widely consid-

ered optimal for disease control,22-24 although only a few veterinary

trials have compared low carbohydrate diets to others.18-20

Despite DM having a fairly good prognosis, it has been estimated

that 1 out of 10 owners choose euthanasia upon DM diagnosis1 and

10% to 17% of cats are euthanized within a few weeks of diagnosis.25-27

Alongside glycemic control, the psychological and social effects of DM

and its treatment on both owner and cat should be considered when

evaluating treatment success.2 Owners' perceptions of disease manage-

ment and concern for the wellbeing of their diabetic cat might influence

their choice of treatment or euthanasia. These perceptions are thus cru-

cial for the owners' commitment to and care for the diabetic cat, and

hence common sources of owner distress need to be recognized by the

treating veterinarian for successful management of DM. Studies reveal

that feeling tied up and worrying about costs related to treatment are

commonly reported issues among owners of diabetic cats,1-3,28 whereas

initial concerns and negative impact associated with treatment seem to

decrease significantly with time.3,29

Answers from a questionnaire sent to owners of cats diagnosed

with DM were analyzed to investigate associations between treat-

ment regime and owners' perceptions of outcome, including QoL, for

the cat. The aim of this study was to study disease outcome in cats

diagnosed with DM and the impact DM has on the life situation of

the cat and its owner.

2 | MATERIALS AND METHODS

2.1 | Study sample and questionnaire

A questionnaire was sent to all owners of cats insured by Agria Pet

Insurance with a DM diagnosis during 2009 to 2013 (n = 1369). The

cats were identified based on 4 diagnostic codes (DM, DM without

complication, DM with complication and DM with ketoacidosis). The

cat owners were recruited to the study by e-mail with a web link to

the questionnaire.

The questionnaire was available during a 4-month period through

an online provider (Netigate) and consisted of 46 questions. Some of

the results—those relating to environmental risk factors for DM in

cats—have been published.30 The answers to 37 questions were ana-

lyzed in the present study. To confirm case status, all respondents had

to give a positive answer to the question “Has your cat ever been

diagnosed with diabetes? The diagnosis must have been made by a

veterinarian. Diabetes means that the cat´s blood sugar is elevated for

a longer period of time.” To confirm cases of diabetic remission, the

respondents had to give a positive answer to the question “Has your

cat recovered from its diabetes? Recovery meaning a normalized

blood sugar and the cat no longer needing medication (insulin or oral

tablets).” For a summary of the questions, see Table 1. For detailed

information about the questions, see Appendix S1.

2.2 | Data analysis

In the case of missing answers for any of the variables of interest, the

cat was excluded. In the case of conflicting answers, the respondent

was contacted if possible and the answers were then corrected or

excluded accordingly. See Table 1 for an overview of the questionnaire

and, where relevant, how the answers were grouped for data analysis.

As no specific dates were requested, the cat's age at diagnosis

and age at death were set to 1 January of each year. Initial survival

was defined as surviving for more than 4 weeks after diagnosis. Sur-

vival time was estimated as from 31 December of the year of diagno-

sis to 1 January of the year of the cat's death. For a cat that was

diagnosed in 2010 and died in 2012, the survival time was thus set to

a minimum of 1 year.

In the data analysis for all cats, outcomes were initial survival

(meaning surviving for more than 4 weeks after diagnosis) and a QoL

not negatively affected by DM. For cats still alive at 4 weeks after

diagnosis, disease outcome (survival time and achieving remission,

with or without diabetic relapse) was analyzed.

Data analysis was performed using R.31 For summary statistics, fre-

quency distribution (histogram) was used to check for normality. Mean

and SD (±) were used when normality was assumed, and median and

inter-quartile range (IQR) when this was not the case. The main out-

come variables were survival time, remission, and quality of life. Five dif-

ferent regression models were used, with outcomes set as initial survival

(more than 4 weeks after diagnosis), survival time, remission, remission

without relapse and quality of life for the cat not being negatively

affected by DM. Univariate logistic or linear regression were used for

selection of variables, including variables with P < .2 in further analysis.

To estimate and investigate the direction and strength of the associa-

tions, multiple logistic regression analysis and linear regression were

used. The final regression model was decided with a backwards elimina-

tion process combined with a lowered Akaike information criterion

(AIC), and variables with P > .05 were excluded. In the logistic regres-

sion, analysis odds ratio (OR) was calculated with a 95% confidence

interval (CI). In linear regression analysis, a 95% CI with a significance

level of 5% was used. Quantile-quantile plots (QQ-plots) were used to

assess the regression residuals for normality. Biologically plausible inter-

actions were included and possible confounders were controlled in each

regression model. Significant interactions were interpreted separately

and investigated using interaction plots.

3 | RESULTS

In total, 484/1369 (35%) complete questionnaires were received and

7 were excluded, leaving 477 questionnaires for analysis.

2 ROTHLIN-ZACHRISSON ET AL.
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TABLE 1 Overview of the questions asked to owners of diabetic cats and the answer options, including answer grouping for data
analysis (n = 477)

Questions

Answer options and grouping of answers for data analysis (all questions

included an “Other/Decline to answer” alternative and a free text section)

Cat characteristics and survival time

Breed Domestic, Burmese, Norwegian Forest Cat, Exotic/Persian, Other pedigreea

Year of birth For example, 2002

Sex Male, Neutered male, Female, Neutered female

Confinement Indoor, Outdoorb

Multicat household Yes, Noc

Cat alive at time of survey? Yes, No

If not alive, what year did your cat die? For example, 2006

Main reason for death/euthanasia Trauma/accident, Age, Disease

If disease, what kind of disease?d Airways, Circulatory system, Diabetes or other endocrine, Gastrointestinal,

Oral cavity, Orthopedic or neurological, Tumor, Urinary system

Cat health through life (before diabetes diagnosis) Never/rarely sick or hurt, Occasionally sick or hurt, Often sick/recurrent

problems/chronic disease

If often sick/recurrent problems/chronic disease, what systems were

affected?d
Airways, Circulatory system, Endocrine, Gastrointestinal, Infectious, Oral

cavity, Orthopedic or neurological, Reproductive, Skin, Tumor, Urinary

system

Vaccination status Yearly doses, Every other year, Occasionally, As a kitten, Not vaccinated

Treatment with progestins or corticosteroids the year before diabetes

diagnosis

Yes, corticosteroids, Yes, progestins, Noe

Body condition score of your cat the year before diabetes diagnosisf 1-5

Owner and household

Year of birth Decade of birth, for example, 1960-69

Sex Male, Female

Number of adults in household 1, 2, 3 or more

Children <18 years old in household Yes, No

Place of residence City (>200 000 inhabitants), Town (200-200 000 inhabitants), Countryside

Diabetes diagnosis, initial survival and treatment

What year did your cat contract diabetes? (When clinical signs were

first seen or, if no clinical signs, when your cat received its diagnosis)

For example, 2013

What happened to your cat after diagnosis? Euthanized/died within 4 weeks, Survived for more than 4 weeks

Reasons for euthanasiad The cat did not survive despite initiated treatment, Presence of other

diseases, The treatment did not work, Treatment was too difficult for

me/my family, Wanted to limit the suffering for the cat, The treatment

was too expensive, The cat did not receive any treatment, Experienced

poor support from veterinarian

What treatment did your cat receive?d Insuling, Dietary adjustments, Hypoglycemic tablets (eg, glipizide), Admitted

to hospital for care, No particular treatment

Change of diet upon diabetes diagnosis Yes, Yes, partly, No

What diet has your cat predominantly eaten since diagnosis?

(“predominantly” meaning ≥75% of one diet; if approximately 50% of

two diets, two alternatives could be chosen)d

Veterinary diabetes prescription dry diet (eg, Hill's m/d, Purina DM, Royal

Canin Diabetic), Veterinary diabetes prescription wet diet (eg, Hill's m/d,

Purina DM, Royal Canin Diabetic), Veterinary weight loss/obesity

prescription diet (eg, Hills r/d or w/d), Commercially available wet foodh

Did you practice blood glucose monitoring at home?d Yes, with blood samples, Yes, with urine sticks, No

Remission

Has your cat “recovered” from diabetes? (meaning a normal blood

glucose without insulin treatment)

Yes, Yes, with relapsei, No

If Yes or Yes with relapse: Time from diagnosis until “recovery” 0-3 months, 4-6 months, 7-12 months, 1 year or longer

(Continues)
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3.1 | Cats and owners

Mean cat age at diagnosis was 10.7 years (±3.1). Almost 100% of the cats

were neutered (99.9%), of which 71% were males and 29% were females,

and most cats were not pedigrees (77%). For general information on the

cats, see Table 2. The majority of the cats (333/477, 70%) were not alive

at the time when their owners answered the questionnaire.

The majority (85%) of the cat owners responding were females, and

the owners' median age at cat diagnosis was 46 to 55 years (range

16-90 years).

3.2 | Treatment

Of the 477 cats, 405 were alive 4 weeks after diagnosis. For general

information on treatment and disease outcome, see Table 2. Dietary

adjustments were made for 93% of the cats and 89% were treated

with insulin. Among the owners of cats receiving insulin, 181 (50%)

practiced home blood glucose monitoring, 44 (12%) measured urine

glucose and 23 (6%) practiced both, while 112 (31%) did not monitor

blood or urine glucose. Of the 27 cats (7%) that received oral hypogly-

cemics, 26 also had dietary adjustments. Nine of the cats treated with

oral hypoglycemic agents also received insulin at some point.

The most commonly fed diet was dry veterinary prescription diet

for treatment of DM (253/405, 62%), either as a predominant diet or

combined with other diets (see Table 2). Of the 405 cats, 11% were

predominantly fed a CA wet diet, generally meaning a low carbohy-

drate diet (as obtained from free text answers).

3.3 | Owners' perceptions and cat-human
relationship

Worries and difficulties associated with treatment of the diabetic cat

are described in Table 3. The most frequently reported concern was

limits to daily life, for example, difficulties traveling and finding a cat

TABLE 1 (Continued)

Questions

Answer options and grouping of answers for data analysis (all questions

included an “Other/Decline to answer” alternative and a free text section)

Owner perceptions

How were you affected by having a cat with diabetes?d Worried about the cat's medication, Worried about complications (eg,

hypoglycemia), Difficult to administer insulin, Difficult to perform blood

sampling, Worried about hurting the cat during medication or blood

sampling, Perceiving limitations in life due to cat's diabetes (eg, difficulties

traveling), Worried about limitations to the cat's life due to diabetes,

Worried about costs, Experienced expectations from others to start

treatment, Experienced expectations from others to euthanize, I have not

been affected by my cat's diabetes diagnosis

Describe your attitude to your cat My cat is everything to me, My cat means a lot to me, My cat is quite

important to me, My cat is not that important to me

Did you experience any conflicts in your family regarding the care of

your cat?

Yes, often, Yes, sometimes, No, we agree, No, I make the decisions myself

How was the relationship with your cat affected by diabetes?d I have developed a stronger bond with my cat, My cat has developed a

stronger bond with me, Relationship as before, I have developed a

weaker bond with my cat, My cat has developed a weaker bond with me

Quality of life (QoL)

How has the QoL of your cat been affected by diabetes, in general,

compared to before the cat got sick?

Better, no change/as before, worsei

Assessment of QoL of your cat at time of survey/last time alive Excellent, good, less good, bad

a<8 individuals per breed: Abyssinian, Bengal, Birman, British Shorthair, Cornish Rex, Devon Rex, European Shorthair, Maine Coon, Ocicat, Oriental

Shorthair, Ragdoll, Russian Blue, Siamese, Siberian incl. Neva Masquerade, Somali, Sphynx, Other pedigree; mixed breed cats were grouped as

domestic cats.
bIndoor = Indoor only, Indoor with access to balcony/play pen/leash walks. Outdoor = Indoor with access to outdoors for part of the year, Outdoor and

indoor, Outdoor only.
cYes = Two to three cats, Four to eight cats, Nine or more cats.
dMultiple answers possible.
eYes, corticosteroids = per oral tablets or injection. Yes, progestins = per oral tablets or injection.
fAssessment template of BCS provided.
gInsulin = insulin injection once and/or twice day.
hOther = diets or combinations of diets representing the choice of fewer than 15 (5%) owners, including commercially available dry food and Low

carbohydrate dry.
iDichotomized before logistic regression analysis: Better compared to before the disease or No change/as before = Positively affected/unaffected QoL,

Worse compared to before the disease = Negatively affected QoL.
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sitter. Worrying about complications involving treatment or DM itself

(eg, hypoglycemia) was most common among owners of cats that had

not achieved remission, as were concerns about DM entailing limits to

the cat's daily life. Only 1% of owners of cats in remission without

relapse expressed concern about DM limiting their cat's life. Owners

of cats in remission without relapse were less worried than owners of

cats with relapse or cats that had not achieved remission.

Of the 84 owners experiencing difficulties measuring blood glu-

cose, 29 did not perform HBGM.

Of all owners, 54% (258/477) answered that their cat meant a lot

to them, 41% (197/477) said that their cat was everything to them,

and 3% (15/477) deemed the cat to be “quite important.” There were

no associations between owners' attitudes toward their cats and the

5 different outcomes analyzed using univariable logistic regression

analysis.

More than half of the owners (58%, 277/477) said that their rela-

tionship with their cat had been strengthened after the DM diagnosis,

while about a third (38%, 180/477) deemed the relationship to be

unchanged. Only 1% (5/477) of owners said the relationship had been

worsened.

3.4 | Outcomes for cats with diabetes mellitus
diagnosis

3.4.1 | Survival for more than 4 weeks

Of the 477 cats, 405 (85%) were still alive 4 weeks or more after diag-

nosis, whereas 72/477 (15%) had been euthanized—see Figure 1. The

most common reason for euthanasia was that the owners did not

want their cats to suffer (53%) or that the prognosis was poor (32%).

Other reasons for euthanasia were concurrent disease (21%), treat-

ment being too difficult (13%) or poor support from the veterinar-

ian (4%).

In the multiple logistic regression model, factors remaining signifi-

cant for surviving for more than 4 weeks were cat age at diagnosis,

owner experiencing limitations in their lifestyle, expectations from

others to euthanize the cat, owner worrying about costs and the

effect of DM on the cat's QoL, alongside 2 interactions: cat age at

diagnosis and worrying about costs, and cat age at diagnosis and

expectation to euthanize—see Table 4.

For every additional year of the cat's age at diagnosis, the odds of

surviving for more than 4 weeks decreased by 0.13. If the owner

experienced expectations from others to euthanize the cat, the odds

of surviving for more than 4 weeks decreased by a third (OR 0.33)

with every year. This negative effect of expectations of euthanasia on

initial survival was most pronounced in cats over approximately

15 years of age. In cats whose owners were worried about costs

related to the cat's DM, the odds of surviving were lower in younger

cats and were most pronounced in cats younger than approximately

10 years, and the odds of initial survival increased with every addi-

tional year of the cat's age (OR 1.52).

Surviving for more than 4 weeks was positively associated with

owners experiencing lifestyle limitations, owner worries about

TABLE 3 Owner-perceived difficulties and worries about treatment and monitoring their cat's diabetes mellitus (n = 405, multiple answers
possible)

Remission

All treated cats
(n = 405) All (n = 118)

Relapse
(n = 45)

No relapse
(n = 73)

No remission
(n = 287)

Owner feeling limited 208 (51%) 55 (47%) 24 (53%) 31 (42%) 153 (53%)

Worry about complications 182 (45%) 41 (35%) 17 (38%) 24 (33%) 141 (49%)

Worry about cat's medication 117 (29%) 27 (23%) 10 (22%) 17 (23%) 90 (31%)

Difficulty measuring blood glucose 84 (21%) 25 (21%) 7 (16%) 18 (25%) 59 (21%)

Worry about costs 61 (15%) 17 (14%) 7 (16%) 10 (14%) 44 (15%)

Worry about limits to cat's life 54 (13%) 4 (3%) 3 (7%) 1 (1%) 50 (17%)

Worry about hurting the cat 40 (10%) 12 (10%) 6 (13%) 6 (8%) 28 (10%)

Difficulty injecting insulin 25 (6%) 8 (7%) 2 (4%) 6 (8%) 17 (6%)

No perceived worries or difficulties 79 (20%) 32 (27%) 8 (18%) 24 (33%) 47 (16%)

F IGURE 1 Overview of different outcomes for the studied
population of cats with diabetes mellitus (n = 477)
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complications (eg, hypoglycemia) and the cat's QoL not being nega-

tively affected by DM.

3.4.2 | Survival time

Almost two thirds of the cats (299/477, 63%) survived for more than

1 year after diagnosis, 118 (25%) survived for more than 3 years,

47 (10%) survived for more than 5 years and 7 (1.4%) survived for

more than 8 years. The median survival time for cats that survived the

initial 4 weeks after diagnosis but were dead at time of the question-

naire (n = 261) was 1 year (IQR 3, 0-14 years), and for cats that were

alive at the time of the questionnaire (n = 144) the median survival

time was 2 years (IQR 2).

Factors remaining significant for survival time in the final linear

regression model were insulin treatment, the cat's QoL and the

owner's worries about medication—see Table 5. One interaction

remained, between cat age at diagnosis and insulin.

In cats that were treated with insulin (n = 360), survival time was

longest in young cats, and declined by 0.25 years for every additional

year of the cat's age at diagnosis. In cats that did not receive insulin

(n= 45), the effect of age on survival time was not significant (P = .77).

Survival time increased by 0.6 years in cats with a QoL assessed

as better or the same as before DM and in cats belonging to owners

that did not experience worries about medication.

3.4.3 | Remission

Of the 405 cats that survived for more than 4 weeks, 29% (n = 118)

achieved remission. Of these, 62% (n = 73) achieved remission with-

out relapse (until the death of the cat, n = 20, or until the time of the

survey, n = 53)—see Figure 1. The time from diagnosis to remission

was 0 to 3 months for 22% (26/118), 4 to 6 months for 29%

(34/118), 7 to 12 months for 19% (n = 22/118), and >12 months for

25% (n = 30/118).

Factors remaining significant for achieving remission in the final

multiple logistic regression model were breed, type of diet and the

effect of DM on the cat's QoL—see Table 4. Cats that were fed pre-

dominantly CA wet food after diagnosis had an increased chance of

remission, compared to cats that were fed DM prescription diet (wet

and/or dry). Norwegian Forest Cats had a higher chance of achieving

remission than domestic cats. Remission was associated with a better

QoL for the cat or a QoL unaffected by DM.

TABLE 4 Multiple logistic regression
analysis of factors associated with
different outcomes in cats with diabetes
mellitus (n = 477)

Outcome and variables OR CI 95% (OR) P

Survival for more than 4 weeks

Worries about limitations in owner's life vs no limitations

in owner's life

13.6 4.85 45.7 <.001

Worries about complications vs no worries about

complications

3.00 1.33 7.11 .01

QoL better or same as before vs QoL worse 23.8 8.16 89.5 <.001

Cat age

When worrying about costs 1.52 0.98 2.3 .05

When experiencing expectation to euthanize 0.33 0.11 0.64 .01

When no worries about costs or not experiencing

expectations to euthanize

�0.14 0.76 0.99 .04

Remission

CA wet diet vs veterinary prescription DM diet wet

and/or dry

3.16 1.27 8.12 .01

Breed: Norwegian Forest Cat vs domestic cat 2.92 1.27 6.76 .01

QoL better or same as before vs QoL worse 5.25 2.86 10.3 <.001

Remission without relapse

CA wet diet vs veterinary prescription DM diet wet

and/or dry

14.8 2.25 153.8 .01

QoL better or same as before vs QoL worse 31.4 5.1 646 .002

QoL better or same

Insulin treatment vs no insulin treatment 5.6 2.4 14 <.001

Remission without relapse vs no remission 53.9 10.6 994.6 <.001

Worries about medication vs no worries about medication 0.31 0.17 0.54 <.001

Worries about limitations in cat's life vs no worries about

limitations

0.07 0.03 0.16 <.001

Abbreviations: CA, commercially available; CI, confidence interval; OR, odds ratio; QoL, quality of life.
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3.4.4 | Remission without relapse

The significant variables that were positively associated with remis-

sion without relapse were type of diet and the cat's QoL—see Table 4.

Predominantly feeding a CA wet diet, compared to DM prescription

diet (wet and/or dry), was associated with remission without relapse.

Cats without relapse from remission were more likely to have a

better QoL.

3.4.5 | Quality of life

Most owners of cats that were alive at the time of the survey (67%,

96/144) assessed their cat's overall QoL to be the same as before

diagnosis. QoL was assessed to be better than before in 16% (n = 23)

and worse than before diagnosis in 10% (n = 15). Almost all owners

of cats that had survived for more than 4 weeks after diagnosis and

were alive at the time of the survey assessed their cat's QoL at the

time of the survey as excellent or good (97%, 140/144).

Most owners of cats that were dead at the time of the question-

naire assessed their cat's QoL, as affected by DM, to be worse than

before diagnosis (44%, 148/333). About a third (36%, n = 121)

assessed QoL as the same as before diagnosis, and 4% as better than

before DM (n = 13).

The overall effect of DM on the cat's QoL is presented in Table 6.

The final multiple logistic regression model on the association

between DM and the cat's general QoL included answers from

owners of cats that survived for more than 4 weeks after diagnosis

(n = 405). An unaffected or better QoL compared to before diagnosis

was associated with both achieving remission without relapse and

treatment with insulin. Expressing concern about DM limiting the life

of the cat and worrying about the cat's medication were associated

with an estimated QoL that was worse (Table 4).

4 | DISCUSSION

This survey combined information on treatment, monitoring, owner

perceptions and disease outcome of cats with DM. Of the cats diag-

nosed with DM, 85% survived for more than 4 weeks, and 63% for

more than 1 year. In younger cats, a negative association was found

between owner concerns about costs and survival for more than

4 weeks. Further, survival time was positively associated with a better

QoL for the cat and negatively associated with owner worries about

the cat's medication. The remission rate among treated cats was 29%.

The chance of both achieving and staying in remission was higher for

cats that were fed a CA wet diet. Remission was positively associated

with a better QoL.

4.1 | Initial survival and survival time

The initial survival rate was 85%, which is comparable to previous

studies.1,25-27 The odds of surviving for more than 4 weeks decreased

TABLE 5 Multiple linear regression analysis of factors associated with survival time in cats with diabetes mellitus that survived more than
4 weeks after diagnosis (n = 405)

Outcome and factors B CI 95% (B) P

Survival time

Worries about medication vs no worries about medication �0.64 �1.05 �0.23 .002

QoL better or same as before diagnosis vs a worsened

QoL

0.60 0.16 1.05 .01

Cat age

When treatment with insulin �0.25 �0.33 �0.19 <.001

When no treatment with insulin �0.03 �0.245 0.18 .77

Abbreviations: B, regression coefficient; CL, confidence interval; QoL, quality of life.

TABLE 6 How diabetes mellitus affected the general quality of life for the cat according to owners, compared to before diabetes (n = 477)

Remission

All cats
(n = 477)

Survival ≤4 weeks
(n = 72)

Survival >4 weeks
(n = 405) All (n = 118)

Relapse
(n = 45)

No relapse
(n = 73)

No remission
(n = 287)

QoL as affected by DM

Bettera 36 (8%) 2 (3%) 34 (8%) 17 (14%) 3 (7%) 14 (19%) 17 (6%)

Same as before DMa 217 (45%) 3 (4%) 214 (53%) 79 (67%) 26 (58%) 53 (72%) 135 (47%)

Worseb 163 (34%) 32 (44%) 131 (32%) 14 (12%) 13 (29%) 1 (1%) 117 (41%)

Cannot assess 61 (13%) 35 (49%) 26 (6%) 0 0 0 18 (6%)

Abbreviations: DM, diabetes mellitus; QoL, quality of life.
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slightly with increasing cat age. If the owners were worried about

costs, the odds of surviving for more than 4 weeks after diagnosis

were lower in younger cats, and increased with increasing cat age.

This might mirror 2 things. First, the younger the cat is at diagnosis,

the longer the prospective treatment will be, possibly making owners

less prone to agree to treatment. Second, worries could reflect a more

severe or complicated disease course among the younger cats in this

study. On the contrary, the effect of age on initial survival among cats

belonging to owners who experienced expectations of euthanasia was

pronounced in older cats, with decreased odds of survival in cats over

15 years of age. This might be explained by less acceptance of disease

negatively affecting the life of an older cat, compared to younger cats.

Survival time was positively associated with a better QoL for the

cat, and was negatively associated with an owner worrying about

medication. Survival time was associated with cat age in cats treated

with insulin, with shorter survival time in older cats as expected.

Insulin is a general recommendation when treating DM in cats,

and almost 90% of the cats surviving for more than 4 weeks after

diagnosis received insulin injections. Previous research has shown that

survival time is affected by the presence of concurrent diseases,26,27

remission,26 and glycemic control.27 Here, no associations between

survival time and comorbidities or achieving remission were seen. This

could be partly attributable to the study design, and owners might

have misinterpreted medical information about the cat. Information

on glycemic control was not obtained, and the course of disease might

have differed among individuals and between studied groups. Also, in

the present study, cats were included with no regard to where the cat

was treated, compared to studies performed at referring clinics.26,27

In the present study, survival time was calculated as the shortest

possible survival time after diagnosis, and many cats can therefore be

expected to have survived for longer. There was no association

between owner concerns about costs and survival time, potentially

reflecting actual costs related to DM being described as having been

experienced as lower than expected after a time of treatment,

although still being a concern for many owners.3,29 These results high-

light the importance of informative owner communication upon DM

diagnosis, discussing treatment options and the financial impact that

treatment might have over a period of time.

4.2 | Remission

The remission rate was 29%, with a 3-fold higher chance of achieving

remission for cats fed a CA wet diet (low carbohydrate, LC) compared

to cats fed a veterinary prescription diet (wet and/or dry). Remission

is thought to occur as a result of reversal of glucotoxicity.21,32 By

lowering and stabilizing postprandial blood glucose,33 facilitating the

reversal of glucotoxicity, LC diets are now recommended for disease

control.23,24 Previously, reported remission rates have varied greatly.

In the present study, detailed data on how remission was confirmed

was not included. A presence of falsely confirmed remission cases

can therefore not be excluded, and the remission rate might be

exaggerated.

More than a third of the cats that achieved remission (38%) expe-

rienced relapse. There was a strong association between CA wet diet

and remission without relapse, supporting the current recommenda-

tions of continuing a LC diet after remission.22,23 An LC diet during

the non-insulin-dependent period has previously been associated with

a relapse rate of 26%,14 compared to relapse rates of around 30%

when type of diet was not known.34,35

The most common form of DM in cats is type 2 DM,36 although

hypersomatotropism is attracting increased attention as a cause of

insulin resistance and DM.37 Hypersomatotropism in cats is most

likely an underdiagnosed disease,37 and in affected cats, successful

treatment of excess growth hormone38—alongside traditional hypo-

glycemic treatment—is necessary for a chance of achieving diabetic

remission. The importance of a CA wet diet to achieve remission thus

indicates that many cats were type 2 diabetics, supported by the

importance of diet management for treatment of T2DM in

humans.39,40

The macronutrient content of the different diets in this study was

not known. The LC properties of the CA wet diet was obtained from

free text answers, where a few well-known brands of canned diet

were repeatedly mentioned. The effect of a CA wet diet on remission

might be caused by a high protein content,20,41 by differing carbohy-

drate sources42 or by weight loss as a consequence of the high water

content in canned foods.43

In the present study, Norwegian Forest Cats—a breed with an

increased risk of DM9,11,30—also had increased odds of remission

compared to domestic cats. To our knowledge, no previous study has

reported an association between breed and disease outcome. The

association between Norwegian Forest Cats and remission is interest-

ing and requires further investigation.

There was no association between insulin treatment and remis-

sion in the present study. Previously, the associations between remis-

sion and a variety of treatment protocols, including different types of

insulin, HBGM routines and diets, have been studied,12-20 with merely

weak evidence of any solid associations.21 In the present study, 90%

of the cats received insulin treatment, and about half of them (57%)

practiced HBGM. The type of insulin administered, how rigorous mon-

itoring was among owners practicing HBGM and when in relation to

diagnosis insulin treatment was instituted was not known. Although

most cats received insulin twice per day, no differentiation was made

between cats given insulin once or twice daily upon data analysis. A

suboptimal treatment protocol in a proportion of cats might have con-

tributed to the lack of association. Also, cats with a more advanced

disease course might have been treated with insulin to a higher

degree, compared to cats with less progressive disease. More severely

affected beta cells could have affected the chance of achieving remis-

sion in the former group. It is also possible that for some cats with a

less advanced disease course, the introduction of LC diet alone is suf-

ficient for reversal of glucotoxicity and promoting remission.

In the present study, the time until remission varied from the

interval 0 to 3 months to >12 months, and no association between

time until remission and maintained remission was seen. As prompt

glycemic control preserves more vital beta cells,12,14 an association

ROTHLIN-ZACHRISSON ET AL. 9
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between a shorter time until remission and remission without relapse

would be expected. However, the time between disease onset and ini-

tiation of treatment was unknown, and no such analysis could be car-

ried out. Also, it is somewhat surprising that a similarly large

proportion of cats achieved remission more than a year after diagnosis

compared to a few months after diagnosis. This might suggest that

hypoglycemic treatment, although not always sufficiently instituted

for early reversal of glucotoxicity, might be enough to relieve the beta

cells, preserving function for a later remission. This might also reflect

the role of insulin resistance in the treatment of DM in cats, where

obesity and concurrent diseases have to be addressed to achieve sat-

isfactory glycemic control. In the present study, information on how

the veterinarians confirmed the DM diagnosis was not available. Inclu-

sion of isolated cases of hyperglycemia (eg, stress hyperglycemia) can

therefore not be excluded, and would influence the remission rates.

However, this would have led to a high proportion of early remissions,

something that was not seen.

Of the 73 cats without relapse from remission, more than two

thirds (73%) were still alive at the time of the study and could still

potentially relapse. Of the cats that had not achieved remission

(n = 287), almost a third (27%) were alive at the time of the study, but

almost all of these (97%) had received their DM diagnosis more than

2 years before the study, making remission less probable.14

Both achieving remission and remission without relapse were

associated with a better QoL for the cat. Assessment of QoL in com-

panion animals is complicated.44 In the present study, QoL was inter-

preted by owners, and was thus affected by their personal views. The

glycemic status of the treated cats was not known. Nevertheless, the

association between remission and a better QoL indicates that for an

insulin-dependent cat, the disease and its monitoring and treatment

negatively affect QoL. This further emphasizes remission as a desired

goal in disease management, and shows the importance of including

assessment of QoL in the treatment of the diabetic cat.

4.3 | Owners' perceptions and concerns

In the present study, around half of the owners perceived limitations

in their daily life because of the cat's DM, and more than a third were

concerned about complications. However, neither this perception of

limitation nor worrying about complications were associated with

decreased odds of the cat surviving the initial 4 weeks, that is,

whether or not euthanasia was chosen in conjunction with diagnosis.

A possible explanation for this is that these limitations or concerns

were not experienced until after a period of treatment.

Previously recognized owner concerns include costs, limitations

in owner lifestyle, worries about complications and worries about the

cat's wellbeing.2,3,28,29 Studies have shown that these concerns

decreased with treatment time.3,29 Positive matters include more

attention being given to the cat after diagnosis2 and a stronger bond

between the owner and the cat.2,28,29 In the present study, more than

half of the owners reported a strengthened relationship with their cat.

5 | LIMITATIONS OF THE STUDY

The main limitation of the study is that all information was obtained

from owners and that a majority of the cats were not alive when

their owners answered the questionnaire. This might have resulted

in recall bias, as well as misinterpretations concerning the cat's

medical history. In addition, detailed information about several

aspects was missing. Owners who participated could represent a

more motivated fraction. The definitions of diabetes mellitus and

diabetic remission used in the study were formulated to fit owners,

and did not conform to internationally agreed definitions,45 which

might limit comparison with other studies. To reduce the risk of

overestimating survival time, since time frames were set as the year

of diagnosis and death, and not a specific date, survival time was

recorded from 31 December in the year of diagnosis to 1 January in

the year of death. Survival time was therefore recorded as the

shortest possible time, and will be longer in reality. The present

study included insured cats, and some results might differ for non-

insured cats.

6 | CONCLUSIONS

Diabetes mellitus is a complex disease, and treatment affects the lives

of both the owner and the cat. Feeding the cat a CA wet diet was

associated with achieving and maintaining diabetic remission. Achiev-

ing remission is associated with a better quality of life for the cat.

Therefore there is a need for further studies investigating factors

associated with diabetic remission. More than 1 in 10 cats were

euthanized in the first weeks following DM diagnosis. Despite this,

almost two thirds of the cats (63%) survived for more than 1 year, and

a quarter (25%) for more than 3 years. If the owner was worried about

limitations to the cat's life and about medication, survival time was

shortened. The results accentuate the association between diet and

disease outcome. Also, it is crucial to recognize and manage owner

distress as a part of disease management, in order to improve welfare

for both owner and cat, and to improve the chances of a favorable

outcome for the diabetic cat.
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Hair cortisol concentrations in 
clipped and combed hair and 
associations with characteristics, 
health status and stress in 
domestic cats
Ninni Rothlin-Zachrisson1, Helena Röcklinsberg2, Emma Jettel1,  
Felicia Johansson Bergqvist1, Sarah Stadig3, Malin Öhlund4, Chiara Mariti5 &  
Bodil Ström Holst1

Hair cortisol concentrations (HCC) are measured to assess long-term HPA-axis activity and may 
represent a valuable non-invasive tool to evaluate chronic stress in cats. This study investigated 
combing as a novel, low-stress method for HCC assessment, as well as possible associations between 
HCC and cat characteristics in 167 owned cats. Hair was sampled at veterinary clinics through clipping 
and/or combing the cat, or at home by the owner combing the cat. A questionnaire was sent to 
cat owners, including inquiries about the cat’s sex, health status, and exposure to stress. HCC was 
quantified using a commercial cortisol assay kit. Despite variations within and between sampling 
methods, Spearman’s correlation and Bland–Altman plots revealed a moderate correlation between 
clipped and combed samples (rs = 0.61, LOA -5.51 ± 22.54). In multiple linear regression, variations 
in HCC were observed based on sex, health status and cat group size. No associations were found 
between HCC and stress as assessed by owners. Despite study limitations and remaining uncertainty 
regarding factors influencing HCC, combing presents a convenient approach for evaluating long-term 
HPA-axis activity in clinical settings. The association between health and HCC suggests alterations 
in cortisol levels that are related to disease processes and stress-inducing events associated with the 
disease.

Keywords  Cats, Noninvasive measures, Cortisol, Chronic disease, Estrus, Pregnancy

Chronic stress is a critical concern for animal welfare1–3, drawing increased attention in association with different 
physiological and behavioral alterations in cats4–10. Despite its significance to both cat and owner, signs of stress 
are frequently overlooked or underestimated by owners11. Stress is best estimated by combining behavioral and 
physiological data12,13, and as the hypothalamic–pituitary–adrenal (HPA) axis is central in stressor responses, 
measurement of HPA-axis activity is a common approach.

Over the past two decades, the use of hair cortisol concentration (HCC) to evaluate long-term HPA-axis 
activity has gained prominence14–18. HCC, reflecting cortisol incorporation into actively growing hair, is 
regarded as a reliable marker for long-term cortisol secretion in various species19. The benefits of using HCC 
include an easy and non-invasive sampling, convenient storage of hair20, and an excellent stability of cortisol 
in hair over time in investigated species18,20–22. Striving for a low-stress and convenient sampling method is 
beneficial for both cats and their owners. Traditionally, hair for analysis of cortisol concentration is sampled 
through shaving, often using the shave-reshave method, where hair is shaved at the beginning of the time frame 
of interest, and then shaved again after a period of regrowth23. Shed hair has been collected from sleeping nests24 
and from fencing25.
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However, our understanding of HCC has limitations, and recognizing them is essential, particularly when 
intending to evaluate animal welfare and stress. The mechanisms of cortisol incorporation into the hair are 
not fully understood23, and both hair and species-specific factors have to be considered when evaluating 
HCC18,22–24,26–32. In domestic cats this includes the varying distribution of primary and secondary hairs and 
seasonal hair follicular activity33,34. Higher HCC have been associated with litterbox issues35,36, aggressive 
behavior36,37, and neutering status in cats37, and both physiological and behavioral alterations have been 
suggested to affect cortisol concentrations in reproductively active females37,38. Lower HCC was measured in cats 
with well-kept hair coats compared to cats with poor hair coat conditions 35. An unkempt hair coat is reported 
in association with stress39 and with chronic diseases like hyperthyroidism and diabetes mellitus in cats40–42. 
However, when considering other factors, owner-reported chronic diseases in cats did not reveal significant 
associations with cortisol concentrations in either hair or nails35. Higher HCC were measured in shelter cats 
with dermatophyte infections43, but the only other factors available for data analysis were age and sex. This study 
aims to investigate a new low-stress hair sampling method in cats, building on previously used hair clipping 
techniques35–37,43,44, by combing the thoracic and abdominal regions. The objective was to develop a method 
that minimizes the need for sampling equipment, simplifies recruitment by lowering barriers for cat owners, 
and ensures low-stress handling of the cats. Another aim was to evaluate HCC in relation to owner-reported cat 
characteristics, health status, stressors, and signs of stress. We hypothesize that HCC from different sampling 
locations, sampled using different methods, will be positively correlated, and that HCC will be influenced by 
chronic disease and stress.

Materials and methods
Ethical approval
According to Swedish (SJVFS 2019:9, case no. L 150) and EU (EU Directive 2010/63) legislation, hair sampling 
by combing or clipping from privately owned cats does not require ethical permission. As required by L150, 
the owners received both written and oral information about the study and signed informed consent prior to 
inclusion. They were informed that they could withdraw their consent at any time. The experimental protocol 
was approved by The Board for Animals in Research and Teaching at The Swedish University of Agricultural 
Sciences. Data were handled in accordance with the General Data Protection Regulation. Hair samples were the 
only samples collected from the cats in this study, and all sampling took place in conjunction with veterinary 
appointments or by the owners at home. This study is reported in accordance with the ARRIVE guidelines45.

Study sample and questionnaire
Cats were recruited, and hair was sampled during veterinary visits to four participating veterinary clinics. 
Cats were also recruited through personal contacts, and in these cases, hair was sampled by the owners at 
home. Recruitment was limited to cats aged ≥ 6 months living in Sweden, whose owners consented to their 
participation. Participation was entirely voluntary, and no remuneration was provided. Information about 
the cats was obtained from a questionnaire. The exclusion criteria encompassed an incomplete questionnaire, 
contradictory information on health status of the cat, and the presence of acute injury, acute disease, or treatment 
with glucocorticoids 2–16 weeks before hair sampling.

Questions for the questionnaire were formulated taking into account previous studies and knowledge on 
stress in cats and the role of the owner in assessment3,7,11,46–48. The questions were assessed for comprehensibility 
and accurate interpretation by four cat owners, who were not part of the study. Based on the feedback from this 
pilot testing, the questionnaire was revised before digital distribution to participating cat owners via an online 
provider (Netigate), by e-mail, or, in case of missing e-mail, by mail.

Most questions were related to the time frame 2–16 weeks before hair sampling, roughly representative of 
HPA activity and cortisol incorporation in sampled hair strands. In addition, some questions concerned basic 
information about sex (male or female), the cat’s age at hair sampling, hair color and pattern. Further, two 
inquiries were about the owners’ perception about the cat’s quality of life and welfare. All owners had to answer 
the question “Is your cat healthy?” with answer options “Yes, my cat is healthy”, “Yes, my cat is healthy but 
has suffered from acute disease or injury”, “No, my cat has a chronic disease” and “No, my cat has a chronic 
disease and has suffered from acute disease or injury”. This formed the basis for grouping the cats according 
to their owner-reported health status. To assess the presence of stress, information was gathered on owner-
reported exposure to potential stressors (e.g., new animal in household, house renovation, or cat relocation) and 
owner-observed signs of stress (e.g., house soiling, increased conflicts with other animals, changes in appetite 
or in activity levels). For cats with chronic disease, information on the presence of clinical signs related to the 
disease was gathered as a measure of disease impact on affected cats. For a summary of the questions and answer 
options, refer to Table 1. The answers from twenty-five questions were analyzed in this study.

Hair sampling
All hair sampling occurred between June 2020 and November 2022. Hair was sampled on one occasion from 
every cat. At least one hair sample was obtained from each cat: by clipping the dorsal area of the front leg or the 
caudoventral area of the abdomen, or by combing the dorsal back and lateral sides of the cat. Hair sampling was 
conducted either at veterinary visits (both clipping and combing) or by owners at home (combing only). For 
owners visiting veterinary clinics, paired samples were taken from more than one of the three different locations 
and methods. Clipping areas were selected for ease of retrieval, representing common venipuncture sites (dorsal 
area of the front leg) or areas prepared for abdominal ultrasound or surgery (the abdomen). This also ensured 
that no cat had to be clipped when not medically indicated, creating an opportunistic sampling process.

Detailed written instructions were provided to both veterinary staff and owners before sampling. Front leg 
and abdominal samples were obtained using well-cleaned mechanical clippers designed for small animals. The 
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hair was cut at the level of the skin surface. For the front leg, a square of hair approximately 1.5 × 1.5 cm was cut 
from the dorsal area of the radius. Abdominal samples involved clipping hair from the caudoventral abdominal 
area in the anterior direction towards the costal arch, covering an area of approximately 5 × 10 cm, depending on 
the cat’s size. Instructions for combing included using a fine-toothed, cleaned comb on the dorsum and lateral 
area of the cat’s thorax and abdomen, and combing until an amount of hair equivalent to approximately 1 cm in 
diameter, when compressed, was achieved.

The hair samples were assigned a code for blinding, were placed in aluminum foil, and were stored at room 
temperature in a dark, dry place for a maximum time of 7 months before cortisol quantification.

Cortisol extraction
All laboratory work was performed by the research team, at the laboratory at the department of Clinical Sciences, 
Swedish University of Agricultural Sciences, Uppsala, Sweden. Based on previously measured hair growth rates 
in domestic cats34,49, the sampled hair was cut to a length of 40 mm, estimated to roughly represent the hair 
growth during 16 weeks. Extraction of cortisol from hair was performed and partly modified after Meyer et 
al.15, as follows: roughly 50 mg of hair was clipped into smaller parts with scissors and washed twice in 1.5 ml 
of isopropanol using a vortex mixer. When dried, excess hair was removed for a final hair weight of 50 mg. For 
samples containing hair < 50 mg, the lower weight was noted. In preparation for grinding the hair, three steel 
balls (Ø3.2 mm) were added to each sample and samples were deposited in liquid nitrogen for 4 min, increasing 
hair brittleness. Hair grinding was performed using a BeadBeater (5000 RPM, 6 × 30 s with a 30 s pause between 
sets). Freezing and grinding were repeated once. For cortisol extraction, 1.2 ml of methanol was added to the 
ground samples in a 22 h incubation phase on a laboratory rocker. After centrifugation, 0.6 ml of supernatant 
were extracted from each sample and then dried and reconstituted in a phosphate buffer (0.01 M PBS, pH 7.4). 
Reconstituted samples were stored frozen (-80°C) until cortisol quantification.

Questions
Answer options and grouping of answers for data analysis (all questions included an “Other/Decline to answer” alternative 
and a free text section)

Cat characteristics

Year of birth e.g., 2014

Sex and neutering status Spayed female, Neutered male, Intact female, Intact male, Female with experience of estrus/pregnancy

Color pattern* Tabby/striped, Tortoise/patchy, Full colored, Masked, Other

Main color* Black, White, Grey, Brown, Red, Other

Hair length Short, Semi-long, Long

Living conditions

Living location Centrally in a city, Outside city center (e.g., residential area), In a smaller town, In the countryside

Cat age when arrived at owners home Introduced as a kitten, 6–12 months of age, Older than 12 months

Presence of children < 18 years of age in 
household No, Yes

Outdoor or indoor confinement Indoor (strictly indoor and indoor with access to patio/balcony/leash walks), Outdoor (both out- and indoor and strictly outdoor)

Number of cats in household Single cat household, Multi-cat household

Presence of other animals in household 
(e.g., dog) No, Yes

Harmony in animal group Occasional conflicts or occurrence of cat withdrawal, Many conflicts or occurrences of cat withdrawal, No the animal group is 
harmonious, No other animals in household

Health status

Presence of chronic disease Yes (Hyperthyroidism, Diabetes mellitus, Chronic kidney disease, Other), No

Presence of clinical signs related to chronic 
disease?* No, Yes (Polyuria/polydipsia, Changes in appetite, Weight loss, Weight gain, Other)

Welfare and stress

Exposure to potential stressors* No, Experience of potential stressors (Moved to a new home, Big changes in family/household (e.g., new family member), House 
renovation, Travels/relocation of the cat, New animal in household, Move or death of former animal friend, Diet change, Other)

Display of signs of stress*
No, Displaying signs of stress (House soiling, Altered grooming activity, Behavioral changes, Increased occurrence of conflicts/
aggressive behavior, Scratching furniture, Signs of withdrawal, Changes in appetite, Reluctant to play, Spending more time 
outdoor/indoor, Seeking more contact, More vigilant, Strong reaction when scared, Other)

Other

Treatment with glucocorticoids No, Yes (Oral tablets, Salve, Ear drops, Injection, Other)

Treatment with other medications or 
supplements No, Yes (Free text answer on what medication)

*Multiple answers available

Table 1.  Summary of merged questions and answer options, as they were grouped for data analysis, as 
completed by owners of cats encompassed in the study (n = 167).
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Assay performance and determination of cortisol concentration
For quantification of cortisol in hair, a commercial competitive high sensitivity ELISA kit (Salimetrics® Salivary 
Cortisol Enzyme Immunoassay Kit, LCC 2021) developed for quantitative measurement of human salivary 
cortisol and previously validated for analysis of cortisol in cat hair was used35. The minimum concentration of 
cortisol that could be distinguished from 0 was 0.007 µg/dL, and for samples with cortisol concentrations greater 
than 3.0 µg/dL, dilution was recommended. Results were converted from µg/dL to pg/mg hair15.

Hair from 13 cats and three 96-well plates were used to evaluate assay performance. Mean within-assay 
variation (CV) was determined on ten samples with low (2–3.6 pg/mg, three samples), medium (5.4–6.5 pg/
mg, three samples) and high (8.7–85 pg/mg, four samples) cortisol concentrations, run in duplicates on one 
plate. Mean between-assay variation (CV) was determined by using three samples run in quadruplicates on 
three plates. For linearity and recovery upon dilution, one feline sample with high HCC was serially diluted 
with the assay diluent provided by the manufacturer 1:1, 1:1.33, 1:2, 1:4, 1:8, 1:16, and 1:32, and analyzed in 
triplicates on one plate. Recovery ([observed concentration/expected concentration]*100) was calculated. For 
recovery upon addition, three feline samples were spiked 1:1 in three different combinations (low and high 
sample, low and medium sample, low sample and high calibrator, as provided by the manufacturer) and analyzed 
in triplicates on one plate. To determine cortisol concentration, non-spiked samples from the three cats were also 
analyzed. Expected concentration ([concentration of non-spiked sample + concentration of the added sample or 
calibrator]*0.5) was calculated.

To evaluate stability of cortisol in cat hair over time, hair from two cats were prepared and the cortisol 
concentration was analyzed after 1, 8, and 24 months of storage in aluminum foil. For stability of extracted 
cortisol under deep frozen conditions, frozen reconstituted samples from the same two cats were re-run 8 and 
24 months after initial cortisol analysis.

All individual samples were run in duplicates on a total of ten 96-well plates. In case of high CV (≥ 10%) 
between duplicates that could not be explained by low concentrations, samples were re-run. Samples with the 
lowest CV proceeded to data analysis. Samples exceeding the highest assay limit (3 µg/dL = 240 pg/mg) were set 
to 240 pg/mg.

Data analysis
In the case of missing or conflicting answers for any of the variables of interest, the respondent was contacted, 
and the answers were then adjusted, or the cat excluded accordingly. Cat age at the time of hair sampling was 
set to January 1st of each year. Cat sex was defined as spayed/neutered female or male, intact female or male, 
and females that, regardless of neutering status, had experienced pregnancy or estrus 2–16 weeks preceding hair 
sampling. For cats that were sampled in connection with neutering or spaying procedures, without experience 
of pregnancy or estrus, sex was set as intact. For owner-assessed stress, cats were assigned three different stress 
groups; no stress (no experience of potential stressors and no display of signs of stress), experience of potential 
stressors (but not displaying signs of stress), and displaying signs of stress. Cats that had experienced pregnancy 
or estrus were included in the group of cats displaying signs of stress, regardless of the owners’ assessment of 
stress signs. Cats in an owner-reported state of diabetic remission were included in the healthy group. For a 
summary of the questions and grouping of answers, see Table 1.

Data analysis was performed using R 50 and Minitab 51. Data was checked for normality using frequency 
distribution (histogram) and the Shapiro–Wilk normality test. Means and standard deviations were used when 
normality could be assumed, and median and inter-quartile ranges (IQR) were utilized when this was not the 
case. For evaluation of the relationship and differences of HCC between the three different hair sampling locations 
and methods, Spearman´s rank correlation and Bland–Altman plots were used, with 95% confidence intervals. 
Bland–Altman plots were interpreted graphically and by calculating the mean difference between paired values 
(bias). In cases where markedly differing datapoints, introducing a larger bias to the plot, were identified, they 
were removed prior to plotting. Limits of agreement (LOA, bias ± 1.96 SD) were constructed based on the 
standard variation (SD) of the differences between paired measurements. Multiple linear regression was used 
for evaluation of associations between HCC and owner reported cat characteristics, stress or health status. Two 
regression models were built; one with HCC quantified from clipped front leg samples as dependent variable, 
and one with HCC derived from combed samples as dependent variable. To improve model fit, the outcome 
variable HCC was log transformed for both regression models. Univariable linear regression was used for 
selection of variables, including variables with p < 0.2 in further model building. Based on previous studies35,43, 
the variables health status, presence of other animal species in the household, occurrence of potential stressors 
and signs of stress were included in building of the multivariable regression model, regardless of univariable 
regression outcome. The final regression model was decided with a backwards elimination process, where a 
lowered Akaike information criterion (AIC) was combined with exclusion of variables with p ≥ 0.05. Confidence 
intervals were set to 95% with a significance level of 5%. Quantile–quantile plots (QQ plots) and normality tests 
were used to assess regression residuals for normality. Biologically plausible interactions were included, and 
possible confounders were controlled in each regression model.

Results
Cats and general characteristics
In total 200 cats were recruited. Of these, 33 were excluded due to regular treatment with glucocorticoids, 
incomplete or obviously misinterpreted questionnaire answers, acute injury or disease, or contradictory 
information on health status. Complete questionnaires and hair from 167 cats remained for analysis (Fig. 1). 
One-hundred and three cats were reported as healthy, and 64 cats as chronically ill.
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In healthy cats (n = 103), median age at sampling was 3 years (IQR 2–8). The majority of cats were spayed/
neutered (63%), 15.5% were intact females, 5% were intact males, and 16.5% were females that, irrespective of 
neutering status at the time of sampling, had experienced pregnancy or a period of estrus.

In cats with chronic disease (n = 64), median age at hair sampling was 14 years (IQR 11–16). All cats were 
spayed or neutered, and no cat had experienced pregnancy or estrus. Type of chronic illness included one or 
more of the following conditions; diabetes mellitus (n = 28), hyperthyroidism (n = 19), chronic kidney disease 
(n = 14), hypertension (n = 5), arthritis (n = 3), chronic pancreatitis (n = 1), inflammatory bowel disease (n = 1), 
asthma (n = 1), chronic rhinitis (n = 1), allergy (n = 1), and tooth resorption (n = 1).

Assay performance
Mean within assay CV was 26.7% for low, 11.5% for medium and 10.1% for high concentrations, respectively. Mean 
within-assay CV for all analyzed 10 samples was 15.5%. Mean between-assay CV was 7.6% for concentrations 
5.9–30.1 pg/mg. To determine recovery after dilution, a pooled sample with known concentration of cortisol 
(25.9 pg/mg) was diluted 1:1/3, 1:2, 1:4, 1:8, 1:16 and 1:32. Recovery after dilution was adequately linear, and 
was 109%–460%, where the most diluted sample represented the highest recovery percentage. Recovery upon 
addition was 80%-85% for concentrations 8.5–134 pg/mg.

A higher consistency was seen between original and re-run frozen reconstituted samples, compared to 
original samples and samples prepared from hair that had been stored in aluminum foil, see Table 2.

Hair samples and hair sampling location and sampling method
A total of 255 hair samples were collected (see Fig. 1). Median HCC in clipped samples from the front leg was 5.6 
pg/mg (IQR 4–7.2, n = 109), in clipped samples from the abdomen 4.8 pg/mg (IQR 3.4–8, n = 26) and in samples 
obtained through combing 7.2 pg/mg (IQR 4.8–11.5, n = 120). The HCC range was widest in samples obtained 
from combing (2.4–240 pg/mg) compared to front leg (1.4–134 pg/mg) and abdomen (1.6–13.6 pg/mg).

Twenty-three cats had hair sampled from both the front leg and from the abdomen, with a Spearman´s Rho 
of 0.72 (CI 0.39–0.89, n = 23). In Bland–Altman analysis, the mean difference between paired HCC was 0.38 
pg/mg and the limits of agreement was -6.74 and 7.50 (LOA, 0.38 ± 1.96 SD). One observation was beyond 

Fig. 1.  Overview of cats recruited and included in the study, including the different methods and body 
locations from where hair was sampled from the cats. Not all cats were sampled from all three locations.
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LOA. Agreement between measurements was higher for lower HCC concentrations (mean ≤ 5.6 pg/mg) than 
for higher concentrations, see Fig. 2.

Sixty-two cats had hair sampled from both the front leg and by combing, with a Spearman´s Rho of 0.61 (CI 
0.41–0.76, n = 62). For the Bland Altman plot, three observational outliers were removed – see Fig. 3. The mean 
difference in paired values was -5.51 pg/mg and the limits of agreement was -28.05 and 17.02 (LOA, -5.51 ± 1.96 
SD, n = 59). Three observations were beyond LOA. As for the comparison between clipped front leg and 
abdominal samples, agreement between measurements was highest in lower HCC concentrations (mean ≤ 10 
pg/mg) and decreased with increasing HCC.

HCC and associations with cat characteristics, health status and stress
Regression analysis with HCC quantified from clipped front leg samples comprised every included cat with 
front leg samples (n = 109). From univariable linear regression models, sex (p = 0.18) and multi-cat household 
(p = 0.04), were included in building the multiple linear regression model. Further, the variables health (p = 0.228), 
presence of other animal species in the household (p = 0.750), occurrence of potential stressors (p = 0.503), and 
presence of signs of stress (p = 0.270), were included 35,43. In the final linear multivariable regression model, 
the only factor remaining significant for prediction of HCC were sex and multi-cat household. Females that 
had experienced pregnancy or heat had higher HCC than spayed females (p = 0.008), and cats that lived in a 
household with at least one more cat had higher HCC than cats in single cat household (p = 0.042). See Table 3. 
and 4 for details.

Regression analysis with HCC quantified from combed hair samples comprised every included cat with 
combed samples (n = 120). From univariable linear regression models, sex (p = 0.102) and health (p = 0.190), 
were included in building the multiple linear regression model. As previously mentioned, the variables presence 
of other animal species in the household (p = 0.737), occurrence of potential stressors (p = 0.311), and presence 

Fig. 2.  Bland–Altman plot of agreement between hair cortisol concentrations (pg/mg) in hair samples from 
the dorsal area of the front leg and the ventral area of the abdomen in cats (n = 23). ULA = upper limit of 
agreement, LLA = lower limit of agreement.

 

Storage method 0–1 months of storage 8 months of storage 24 months of storage Mean SD

Cat AHCC (pg/mg)
Hair in RT* 11.2 8.0 12.8 10.7 2.4

Extraction in PBS** at – 80° 11.2 9.6 12.8 11.2 1.6

Cat B HCC (pg/mg)
Hair in RT* 18.0 12.0 12.3 14.1 3.4

Extraction in PBS** at – 80° 18.0 17.3 18.8 18.0 0.75

Table 2.  Stability of cortisol concentrations in two cats (A and B), in samples where cortisol was extracted 
from hair stored at room temperature (RT), and in samples where cortisol was reconstituted in a phosphate 
buffer (PBS) and then stored at –80°, for 0–1, 8 and 24 months respectively before cortisol quantification. 
*Hair stored in aluminum foil at room temperature (RT) until extraction of cortisol and cortisol quantification, 
**Extracted cortisol in a phosphate buffer (PBS), all samples prepared and frozen at the same time, and stored 
at –80° until cortisol quantification
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of signs of stress (p = 0.989), were included35,43. In the final linear multivariable regression model, factors 
remaining significant for prediction of HCC were sex and health. Intact males had higher HCC than spayed 
females (p = 0.013) and cats with chronic disease had higher HCC than healthy cats (p = 0.025). See Table 3. and 
4 for details.

Discussion
This study measured cortisol concentrations in hair from domestic cats, sampled by two different methods 
and from three different body locations. HCC varied with and within different body locations and sampling 

 Variable Clipped front leg hair samples (n=109) Combed hair samples (n=120)

Sex and neutering status* Neutered male 34 58

Spayed female 41 34

Intact male 5 2

Intact female 13 11

Female with experience of estrus/pregnancy 16 15

Number of cats in household*  Single-cat household 47 61

Multi-cat household  62 59

Presence of other animals in household (e.g., dog)** No 95 101

Yes 14 19

Presence of chronic disease* ** No 67 83

Yes 42 37

Exposure to potential stressors** No 49 58

Yes 60 62

Display of signs of stress** No 85 94

Yes 24 26

Table 3..  Overview of variables included in multivariable linear regression analysis of hair cortisol 
concentrations (pg/mg) from hair samples collected by clipping the front leg (n=109) or by combing the 
dorsum and lateral sides (n=120) of the cat (n=167). Note that 62 cats were sampled in both ways and are 
thus represented in both groups. Hair cortisol concentrations were log-transformed for regression analysis.   
*Variables were selected for multiple regression analysis if p < 0.200 in univariable analysis **Variables were 
selected for multiple regression analysis regardless of univariable outcome, based on results from previous 
studies

 

Fig. 3.  Bland–Altman plot of agreement between hair cortisol concentrations (pg/mg) in hair samples 
from the dorsal area of the front leg and combed samples in cats (n = 59). ULA = upper limit of agreement, 
LLA = lower limit of agreement.
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methods. Despite this, agreement between methods was found, and both sex and health were associated with 
HCC. Being a female with experience of pregnancy or estrus or living in a multi-cat household was associated 
with elevated HCC in hair sampled from the front leg. Presence of chronic disease was associated with increased 
HCC in combed hair samples, as was being an intact male. Exposure to potential stressors or displaying signs 
of stress were not associated with changes in HCC. Based on the results of the present study, storing samples as 
reconstituted samples is preferable for HCC quantification compared to storing hair.

The common practice in hair cortisol analysis involves initially shaving a specific area and then repeating 
the process after a designated period of hair regrowth, known as the shave-reshave method. This ensures 
the inclusion of actively growing hairs in the sample, aligning with the time frame of interest, as cortisol is 
incorporated into actively growing hair strands23,52. Differences in cortisol concentrations among hair from 
different body regions have been seen in various species22,24,35,53. Therefore, it is recommended to sample hair 
from one single body region when measuring HCC. In the present study, sampling areas were chosen based 
on convenience in a clinical setting and to minimize sampling-associated stress for the cat. The aim was to 
retrospectively study a time frame of 2–16 weeks, with a questionnaire designed to cover the cat’s history during 
this period in relation to hair sampling.

The specific properties of cat hair have to be considered when using HCC. Hair growth varies with different 
seasons and photoperiods34,49, factors that were not investigated in the present study. A slower growth rate 
could result in prolonged cortisol incorporation in the hair, leading to higher concentrations of cortisol, and 
representing a longer retrospective time for cortisol incorporation. The cat pelage includes primary (guard) and 
secondary (wool) hairs, and their distribution over the body, their growth rate and follicular activity varies34. 
These factors, as well as shedding patterns34, and varying hair lengths across different body parts, could have 
contributed to the variations in HCC seen between different body locations in the present study.

Given the differences in both body location and retrieval method, different HCC between the clipped and 
combed hair samples was expected. This expectation was confirmed, with the highest variation observed among 
the combed samples. The influence of a few individuals with very high HCC, predominantly measured from 
combed samples, could explain some of this variation. Additionally, the broader area of the body from which 
hair strands are sampled during combing, as opposed to the front leg, may have introduced further variability. 
Combing involves sampling a large proportion of loose hairs, which could make this method more susceptible 
to seasonal and individual shedding, and to grooming behaviors. No information on grooming behavior was 
collected in the present study. Combing may include more skin material in the hair sample, but thorough 
washing prior to cortisol quantification minimizes external contribution to HCC variability23, and skin material 
is thus not likely contributing to the wide HCC range with this method. For clipped front leg samples and 
combed samples, there was consistency in paired measurements, especially for lower HCC. The same pattern 
of consistency was also evident in paired measurements from hair clipped from the front leg and the abdomen. 
Similar associations between HCC and cat characteristics and health were found between clipped front leg 
samples and combed samples, though not all statistically significant at p < 0.050. It is important to note that 
not all cats were sampled using both methods and from all three locations, and a larger sample size would have 
been beneficial for comparison. This highlights the challenges faced when collecting samples for research in a 
clinical setting. Combing is a less standardized method of hair sampling. However, avoiding repeated sampling is 
beneficial for increasing compliance among cat owners, and hair sampled by combing has potential as an owner- 
and cat-friendly method of hair sampling for HCC analysis.

Presence of chronic disease was associated with higher HCC, compared to healthy cats. Previously, 
chronically elevated cortisol levels, as measured in HCC, have been associated with dermatophyte infection in 
shelter cats43. A higher urine cortisol-creatinine ratio has been described in cats with hyperthyroidism54 and 
in hospitalized cats with various diseases55, as well as in shelter cats with signs of systemic disease 12. Higher 
cortisol concentrations could be associated with both the disease process54, and with events that are related 
to, but not directly associated with disease. This may include veterinary visits and transportation of the cat 

HCC measured in hair clipped from the 
dorsal area of the front leg

HCC measured in hair combed from the 
dorsal and lateral areas of the body

Change in HCC (%) CI (%) p Change in HCC (%) CI (%) p

Outcome and variables 

Sex

 Intact female vs spayed 
female 56 -7 – 158 0.085 89 -4 – 274 0.066

 Intact male vs spayed female 125 -6 – 439 0.068 499 46 – 2356 0.013 *

 Female with experience of 
pregnancy or heat vs spayed 
female

76 16 – 167 0.008** 84 -0.2 – 239 0.051

Chronic disease vs healthy 49 -0.9 – 124 0.055 61 6 – 144 0.025*

Multicat household 38 1 – 89 0.042* - - -

CI; confidence interval

Table 4.  Back-transformed predictions of hair cortisol concentrations (HCC) in two final linear regression 
models, where hair was sampled by clipping the dorsal area of the front leg (n = 109), and by combing the 
dorsum and lateral area of the thorax and abdomen (n = 120) in the cat.
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to the clinic56, cat synchronization with owner stress57, and daily administration of medications. Although 
hyperthyroidism, chronic kidney disease, and diabetes mellitus were the most commonly represented diseases 
in the studied population, a diverse range of diseases was observed, and the cats exhibited various stages of 
illness. Further examination of specific diseases could provide deeper insights into the influence of individual 
diseases and disease states on HCC. Interestingly, the presence of clinical signs reported by owners did not 
show an association with HCC. This discrepancy could be attributed to factors such as questionnaire design, 
inaccurate owner reporting, or the owners’ ability to recognize clinical signs of disease. Furthermore, HPA-
axis dysregulation, manifesting as hypocortisolism following a period of chronic HPA-axis hyperactivity, might 
contribute to this observed discrepancy58. The possibility of a disparity between the observable condition of a 
chronically ill cat and its actual impact, as measured by HCC, warrants additional investigation.

Our results reveal a sex-associated difference in HCC. In clipped front leg hair, females with reported 
experiences of pregnancy or estrus, had higher HCC than spayed females. In combed hair, intact males had 
higher HCC than spayed females. Suggested causes for effect of sex on HCC in different species include the 
influence of social rank59, territorial behavior60, differences in body condition25, and effect of gonadal steroids on 
HPA-axis activity 61. During pregnancy, cortisol is crucial for fetal development, leading to increased circulating 
cortisol concentrations until parturition31,62. A lower HCC has been reported in spayed free-roaming domestic 
female cats compared to intact females, possibly influenced by agonistic behavior or reproductive status37. The 
associations in our study may result from hormonal changes during pregnancy, parturition, increased energetic 
expenditures, and general maternal efforts post-partum38,63. The majority of intact females (15/16) without 
owner-reported estrus or pregnancy were at least one year old at the time of hair sampling, suggesting potential 
estrus experiences not reported by the owner 64. In a study of wildcats and feral cats, higher HCC was observed 
in male cats compared to females, although this difference was not statistically significant, possibly due to a 
small sample size65. In our study, we found an association between male sex and HCC. However, similar to the 
previous study, the limited number of cats in our sample influenced the results, with uncertainty highlighted by 
a wide confidence interval. A larger sample size is necessary for a more comprehensive exploration of HCC and 
sex in domestic cats.

In the present study, no association between HCC and exposure to potential stressors or display of stress-
related behaviors were seen. Previously, HCC in cats has been positively associated to defecating or urinating 
outside the litterbox35,36 and to displaying aggressive behavior towards family members 36, and negatively 
associated to a groomed and soft hair coat35. In one of these studies, owner-reported stress levels were not 
significantly associated with HCC when other factors related to the cat and its home environment were 
considered 35. An explanation for the lack of association between stress and HCC may be failure of owners to 
recognize signs of stress in their cats 11, or variability in HPA-axis activity related to individual stressor response 
58,66,67. In the present study, no consideration of different cat temperaments and personalities were made, which 
could affect both stress coping mechanisms and stress responses 3,68.

Cats living in multi-cat households had higher HCC than cats in single cat households. A multi-cat household 
was defined as the cat sharing living space with at least one other cat, and in the data analysis no differentiation 
on the total number of cohabitating cats were made. In a multi-cat household, cats need to share resources, 
with potential emergence of inter-cat aggression and other stress-linked behaviors 69. However, a multitude of 
potential factors influence cat behavior in both single and multi-cat households 7,46.

This study has several limitations. First, this is an observational study, and as such, there is limited control over 
the included subjects. The cat population at large is probably well represented, but confounding factors may go 
undetected. The sample size is small, and the hair sampling performed at home by owners lacked standardization, 
introducing variability into the collection process. Also, reliance on owner obtained information about the cats 
may introduce subjectivity and potential inaccuracies, including recall bias and misinterpretations. No clinical 
confirmation of the cats’ health status or other related information was available. The lack of a validated stress 
scale or evaluation tool could have limited the accuracy of stress assessment.

Chronic stress has profound implications for feline welfare. Given that stress often goes unnoticed by owners, 
there is a need for methods to facilitate stress evaluation in cats. The quantification of HCC holds promise for 
a non-invasive aid in assessment of long-term HPA-axis activity in felines. This study explored a novel, low-
stress hair sampling method for cortisol quantification. Although much remains unknown about the factors 
influencing HCC, samples obtained by combing demonstrate potential for simplified sample collection and 
assessment of HCC in relation to various cat characteristics. Despite variations between the studied sampling 
methods, a concordance between them was observed, and associations between HCC and sex and health was 
seen. Combing showed potential as a cat-friendly sampling method, addressing the challenges encountered in 
sample collection within a clinical setting. The limitations of this study warrants caution in interpreting results. 
However, the findings contribute to the potential use of a low-stress combing method for HCC assessment, 
emphasizing the need for research to further explore this approach.

Data availability
The datasets generated during and/or analyzed during the current study are available from the corresponding 
author on reasonable request.
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