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ABSTRACT 

 

THE EFFECT OF ENVIRONMENT AND MICRONUTRIENT SUPPLEMENTATION 

ON METABOLISM AND ENERGY EXPENDITURE IN THE DOMESTIC CAT 

 

Kylie Hogan        Advisor: 

University of Guelph, 2019      Dr. Anna Kate Shoveller 

 

 This thesis investigates the effect of environment on energy metabolism when cats 

underwent acclimation to indirect calorimetry chambers, as well as the effects of a novel to cats 

micronutrient supplement – policosanol – on lipid profile and energy metabolism. Acclimation to 

indirect calorimetry chambers found a decrease in energy expenditure and macronutrient 

metabolism at the end of acclimation compared to the beginning. Policosanol supplementation 

was found to be safe for feline consumption, however, no significant changes were found on 

lipid profile and energy metabolism. These results suggest that previous indirect calorimetry 

studies not utilizing acclimation are overestimating energy metabolism, and that future research 

should use a similar acclimation procedure to ensure accurate data collection. Furthermore, as 

policosanol supplementation in domestic cats was found to be safe similar to previous research, 

future research should be performed utilizing a different experimental design and population of 

cats to determine proof of principle and positive effects.
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Chapter 1: Introduction and Literature Review 

1.1 Introduction 

Overweight and obese companion animals account for the most prevalent pet nutritional 

disorder across the world, particularly in Western industrialized countries such as the United 

States and Canada. Indirect calorimetry is often used to quantify energy expenditure on which 

energy requirements are based, but results can be affected by the behavioural acclimation 

provided to the animal. Inaccurate data may either underestimate nutrient intake or over estimate 

energy expenditure, which in turn may lead to overfeeding and a positive energy balance 

observed in overweight pets. Furthermore, apart from diet restriction and macronutrient 

formulation, only one nutritional supplement – L-carnitine – has thus far repeatedly been proven 

in its effectiveness to aid in pet weight loss and prevent weight gain. It would therefore be 

beneficial to investigate alternatives or additional supplements that may provide equal 

effectiveness and/or further benefits. 

Overweight and obesity is particularly common in domestic cats, as there are not many 

strategies available for promoting weight loss and healthy weight management. The following is 

a review of the incidence of obesity, indirect calorimetry as a measure of energy expenditure and 

macronutrient metabolism, and the current and potential future nutritional technologies 

associated with health and weight management in domestic cats. 

1.2 Obesity in Cats  

 In 2017, an estimated 60% of domestically owned cats were classified as overweight or 

obese in the United States (Ward, 2018). Based on this annual survey, the incidence of obesity 

has been increasing, and therefore has become a significant concern in veterinary medicine. In 
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developed Western countries particularly, obesity is considered the most common nutritional 

disorder in companion animals (German, 2006). Obesity is more severe than being overweight, 

as it is characterized by having enough excess fat to impair health – though both can cause or 

contribute to disease (Laflamme, 2006). Specifically, obesity is an inflammatory condition that is 

associated with increased oxidative stress as well as insulin resistance and an abnormally high 

accumulation of fat (Osto and Lutz 2015), though this has not been verified in cats. Obesity in 

cats often leads to more serious health issues such as diabetes mellitus (type 2), insulin 

resistance, urinary disorders, and hepatic lipidosis (Nelson and Reusch 2014), which may be 

potentially fatal.  

1.2.1 Causes and Consequences of Obesity in Cats 

Obesity ultimately results from prolonged imbalance of energy expenditure (EE) and 

energy intake that results in positive energy balance. This could be the result of increased food 

intake, decreased physical activity, or a combination of both, but is also influenced by age, sex, 

health, environment and genetics (Osto and Lutz, 2015). Increased caloric intake observed with 

positive energy balance decreases quality of life, and lean animals indeed live longer. 

Christmann et al. (2016) assessed quality of life in overweight and obese cats via cat-owner 

questionnaire; owners noticed significant improvement with increased weight loss that was most 

observantly displayed by an increase in cat energy level and happiness, scored by criteria using a 

Likert-type rating 10-point scale. The study by Kealy et al. (2002) used age-matched pair-fed 

Labrador retrievers and found that energy restricted dogs had a significant increase in median 

lifespan of nearly 2.5 years and a significant delay in the onset of signs of chronic disease when 

compared to ad-libitum fed dogs. Though similar research does not exist for cats, it is important 

to consider, especially as obesity often leads to many potentially fatal health concerns. The risk 
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of obesity in cats is significantly increased by neuter/spay status (especially for males), low 

levels of activity, and physical activity often influenced by indoor living (Scarlett et al., 1994; 

Russel et al., 2000). In cats especially, gonadectomy is associated with increased body weight 

(BW) gain and elevated risk of obesity (Kanchuk et al., 2003; Nguyen et al., 2004; Mitsuhashi et 

al., 2011). This does not appear to be directly associated with a decrease in EE, as observed by 

Kanchuk et al. (2003) and Martin et al. (2006). Gonadectomy most likely leads to lower energy 

requirements due to the removal of sex hormones, tied to appetite suppression and spontaneous 

activity (Belsito et al., 2009). The incidence of obesity in companion animals also appears to 

increase in parallel with the incidence of obesity in humans, as they share the same environment 

and may therefore be predisposed to similar pathophysiologies, as well as eating and exercise 

habits. This is most correlated with dog owners, while no correlation can be found with cat 

owners (Nijland et al., 2010). Domestication and anthropomorphism have likely played a large 

role in the parallel seen between human and companion animal rate of obesity (de Godoy and 

Swanson 2013; Rand et al., 2004).  The energy density of feline diets may also contribute to the 

incidence of obesity and is calculated using the modified Atwater equation. The traditional 

Atwater equation was found to overestimate ME (Kendall et al., 1982) but still, the modified 

version is not able to accurately predict the ME of commercial pet food (NRC 2006). Asaro et al. 

(2017) found that the modified Atwater equation underestimates ME by approximately 12%. 

Feeding method may also contribute to excess energy intake, as many cat owners feed ad 

libitum. While multiple meals may increase physical activity and energy loss from 

thermogenesis (Deng et al., 2014), constant access will likely result in overfeeding if daily 

amount of food given is not accurately measured. 
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Research estimating the energy requirements of cats must be examined, as this is the 

basis for commercial feeding recommendations. These are what cat owners use to estimate the 

amount food given, and therefore could result in overfeeding if incorrect. Feeding 

recommendations are typically based on equations and may utilize indirect calorimetry for 

accurate measurement of resting EE, therefore the need for updated and highly accurate indirect 

calorimetry research to create robust and broadly applicable feeding guidelines is critical in 

response to the incidence of obesity in cats. 

1.2.2 Measuring Obesity in Cats 

Overweight companion animals are 10-20% over their optimal weight, while obese 

companion animals are greater than 20% above their optimal weight (Burkholder, 2000; de 

Godoy and Swanson 2013). Body composition assessment is critical for overweight and obesity 

management and assists in determining ideal BW and energy requirements, as the ideal BW of 

an adult cat can range from 2-7 kg (Lund et al., 2005), and so, on its own, cannot predict 

overweight or obesity status. There are many methods for determining body composition and the 

degree of overweight or obesity in cats, but perhaps the most practical is measuring body 

condition score (BCS) and muscle condition score.  The assessment of BCS can be determined 

according to Table 1.1, which is easy to use but still provides reliable information on the body 

composition of an animal; the most widely used system being the 9-point system developed and 

validated by researchers at Purina in 1997 (Laflamme, 1997a). Although the 9-point system is a 

subjective, semiquantitative method, it has been demonstrated to have a high correlation with 

DEXA values (Laflamme, 1997a; German et al., 2006). In 2017, 26.5% of cats were considered 

overweight (BCS of 6-7), and 33.5% of cats were considered obese (BCS of 8-9) (Ward, 2018). 

The study by Bjornvad et al (2011) compared BCS to BF% in indoor confined, adult neutered  
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Table 1.1 Nine-point body condition scoring chart for cats. (Adapted from AAHA, 2010). 

BCS Description Visual example  BCS Description Visual example 

  
 
 

1 

Ribs visible on 

shorthaired cats; no 

palpable fat; severe 

abdominal tuck; 

lumbar vertebrae and 

wings of ilia obvious 

and easily palpable; 

very narrow waist; 

little muscle 

 

 
 

6 

 

Ribs not visible but 

palpable; waist not 

well defined; fat 

pad visible with no 

or very slight 

abdominal tuck  
 

 
 

2 

Ribs and backbone 

visible on shorthaired 

cats; minimal muscle 

mass with no obvious 

fat; pronounced 

abdominal tuck and 

waist 
 

 
 

7 

Ribs not easily 

palpable with 

moderate fat 

covering; poorly 

defined waist; 

rounding of 

abdomen with 

moderate 

abdominal fat pad; 

no abdominal tuck 

 

 
 

3 

Ribs easily palpable 

with minimal fat 

covering; obvious 

lumbar vertebrae, waist 

and tuck; minimal 

abdominal fat 

 

 
 

8 

Ribs not palpable 

under excess fat 

cover; no visible 

waist or abdominal 

tuck; abdomen is 

obviously rounded 

with prominent 

abdominal fat pad; 

fat deposits along 

back 

 

 
4 

Ribs not visible but 

easily felt with minimal 

fat covering; noticeable 

waist and slight 

abdominal tuck 

 

 
 

9 

Ribs not palpable 

under heavy fat 

cover; heavy fat 

deposits over 

lumbar, face, and 

limbs; distention of 

abdomen with no 

waist; extensive 

abdominal fat pad 

 

 
5 

Well proportioned 

waist; ribs not visible 

but palpable with slight 

fat covering; 

abdominal fat pad 

minimal; slight 

abdominal tuck 
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pet DSH cats and concluded that for each unit increase in BCS between 4-8, BW increased by 

approximately 5%. These correlate body fat accumulation and weight gain as previously 

indicated and supports the use of BCS as a minimally invasive, simple and effective way of 

determining the level of overweight and obesity in pet cats. 

1.2.3 Biological Role of Obesity in Cats 

Adipose tissue serves as a reservoir of fatty acids and also has important endocrine 

function. The secretion of adipokines from adipose tissue appears to be dysregulated in obese 

cats the same as in humans (Radin et al., 2009) and may contribute to obesity-related diseases. 

The adipokine leptin is positively correlated with increased fat mass (Hoenig et al., 2007; 

Appleton et al., 2000) that in turn is positively correlated with insulin resistance regardless of cat 

BCS and fat mass (Appleton et al., 2002). Leptin is primarily involved in appetite and energy 

regulation and indicates a decreased sensitivity to leptin in obese individuals, as was observed by 

Wynne et al., (2005) though this is not definitively shown in cats. Obesity is also associated with 

the increased expression of pro-inflammatory cytokines and chemokines in adipose tissue 

(Makki et al., 2013), however the role of inflammation in the development of obesity induced 

insulin resistance is still controversial in cats (Jas-Friedmann et al., 2008). Insulin sensitivity is 

most commonly associated with overweight and obesity that often progresses to type 2 diabetes 

in cats. Insulin sensitivity in obese cats is decreased by more than 50% compared to their lean 

counterparts, and each kilogram of weight gain leads to a loss of about 30% in insulin sensitivity 

(Hoenig et al., 2007). Furthermore, obese cats have up to eight times increased risk of 

developing type 2 diabetes compared to cats with optimal BW (Scarlett and Donoghue 1998; 

Lund et al., 2005). Male cats moreover have lower insulin sensitivity and are therefore more 

prone to developing type 2 diabetes than obese females (Appleton et al., 2001). Weight loss leads 
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to a recovery of insulin sensitivity and decreased insulin concentrations and is therefore 

reversible if obesity is induced (Tvarijonaviciute et al., 2012).  

Obese cats have greater expression of lipid and carbohydrate metabolism-related genes 

than their lean counterparts (Mori et al., 2009). Early studies suggested circulating free fatty 

acids are elevated in many insulin-resistant states, and that they compete with glucose for 

substrate oxidation (Randle et al., 1963). Increased free fatty acid concentrations counteract the 

effects of insulin by inhibiting glucose uptake and oxidation, and glycogen synthesis and 

together these contribute to increased blood glucose concentration. These characteristics 

commonly associated with overweight and obesity lead to the development of type 2 diabetes 

and could also result in more serious metabolic disorders (Osto and Lutz 2015).   

Because the liver is actively involved in nutrient metabolism, the most common form of 

liver disease in cats includes inflammatory conditions and lipidosis both of which are associated 

with obesity (Little, 2011). Few studies on changes in serum lipids exist in cats with naturally 

occurring obesity. Generally, dyslipidemia in obese cats is similar to that in obese and diabetic 

humans, including increases in NEFAs, triglycerides, VLDL and total cholesterol, as well as a 

decrease in HDL cholesterol (Osto and Lutz 2015; Blanchard et al., 2002). Similar to humans, 

changes in lipid and lipoprotein metabolism and inflammation appear to be linked (Osto and 

Lutz 2015). Furthermore, both cats and humans are prone to developing type 2 diabetes mellitus, 

often a result of obesity induced insulin insensitivity, whereas dogs are more prone to type 1 in 

response to insulin deficiency (Bjornvad 2015). This indicates that research in humans may be 

used in parallel to research in cats regarding treatment and prevention of obesity and the onset of 

diabetes.  
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1.2.4 Feline Metabolism and Strategies for Obesity Management  

Dietary and lifestyle management are currently the most utilized therapeutic strategies for 

managing obesity in companion animals. The primary strategy for cats is calorie restriction, as it 

is not as easy to increase physical activity compared to dogs. This method can be complicated as 

the exact amount of calories needed to induce weight loss without negatively impacting essential 

nutrient intake or inducing negative behaviours varies across individuals (Laflamme 1997b). 

Furthermore, rapid BW loss may induce hepatic fat accumulation, ultimately leading to the 

development of hepatic lipidosis. Hepatic lipidosis is often the result of negative energy balance 

with the mobilization of peripheral adipose tissue and accumulation of intrahepatic lipids (Center 

et al., 1993). Cats have a different lipid, lipoprotein, and cholesterol metabolism related to their 

obligate carnivore nature (Little 2011). Studies in cats show that ad libitum feeding does not 

always result in obesity, but that more frequent feeding may increase the risk (Courcier et al., 

2010). It has become typical to feed domestic cats ad libitum; therefore, they often live in an 

increased obesogenic environment (German, 2006). Increased risk of obesity when feeding ad 

libitum lies in the amount given, as a daily, measured ration would likely not result in a positive 

energy balance, while unmeasured or continually filling the food bowl may do so. It is therefore 

important to provide more education on feeding practices as well as improve upon the research 

that supports these. Furthermore, it is necessary to create strategies that enable cats to maintain a 

healthy BW even when excess food is available. 

Dietary management can also be beneficial in addition to calorie restriction. Most studies 

suggest the higher fat content in a diet, the greater fat accumulation in companion animals. This 

is likely considering fat is more energy dense, and therefore provides more calories that may 

more easily result in a positive energy balance. Backus et al (2007) observed that when fed ad 
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libitum, cats fed high fat or high protein diets were more prone to weight gain than cats fed high 

carbohydrate diets. This is likely due to the fact that cats appear to have a ceiling for 

carbohydrate intake and will self-regulate its ingestion (Hewson-Hughes et al., 2011), but may 

also be due to high fat diets being more palatable. Laflamme (2006) and Vasconcellos et al. 

(2009) have demonstrated consuming low-calorie diets with increased protein content 

significantly increased fat loss while maintaining or reducing the loss of lean body mass in cats. 

High protein diets have a strong effect on diet induced thermogenesis and result in a minor but 

significant increase in EE (Wei et al., 2011), maintenance of REE (Rosenbaum et al., 2008), and 

reduced oxidative stress associated with obesity (Laflamme 2012). However, during weight loss, 

extreme calorie restriction may lead to decreased protein intake leading to hepatic lipidosis. 

Single nutrient intervention or nutrient supplementation may therefore be used in the case of high 

calorie restriction, metabolic disorders, or to minimize the effects of overfeeding.  

1.3 Indirect Calorimetry 

Indirect calorimetry is a technique used to measure O2 consumption and CO2 production in 

order to calculate metabolic rate and substrate oxidation (Ferrannini, 1988). This exchange of 

gases indicates the energy of a substrate achieved through complete oxidation, therefore 

assuming that all O2 is used and that all CO2 is recovered. Furthermore, these data can be used to 

calculate respiratory quotient (RQ) as well as specify the type of macronutrient oxidation 

occurring at any given point in time. Weir (1949) proposed an equation to calculate EE using the 

data collected via indirect calorimetry, which is often used to calculate total energy production 

and will be used in subsequent chapters. The Weir equation is as follows: 

EE (kcal/d) = [3.94 x O2 exchange (L/h) + 1.11 x CO2 exchange (L/h)] x 24 h 
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Furthermore, RQ is defined by the ratio of carbon dioxide production to oxygen consumption 

and is indictive of the degree of substrate use by the body (McClave et al., 2003). 

  RQ = VCO2/VO2 

An RQ of 0.6-0.7 indicates fat oxidation, while an RQ of 0.9-1.0 indicates carbohydrate 

oxidation (Lusk, 1928). However, different rates of amino acid oxidation result in an RQ of a 

broad range, and therefore an RQ of 0.8 indicates the oxidation of protein or a mixed 

macronutrient meal (Ferrannini, 1988). These values were calculated through stoichiometry by 

the oxidation of 1g of substrate and determining the corresponding ratio of CO2 produced and O2 

consumed. The stoichiometric equations of these substrates are as follows (Ferrannini, 1988): 

1g Glucose + 0.746 L O2 → 0.746 L CO2 + 0.6g H2O 

1g Lipid + 2.029 L O2 → 0.746 L CO2 + 1.09 H2O 

1g Protein + 0.966 L O2 → 0.782 L CO2 + 0.45g H2O 

All these outcomes of indirect calorimetry are important for determining empirical methods 

regarding energy intake, but also important for research that investigates whole body effects of 

experimental diets or nutritional supplements. Assuming that the indirect calorimetry equipment 

is recently and regularly validated and calibrated, this method provides highly accurate results.  

1.3.1 Research with Cats  

Investigating energy requirements in cats is often done empirically or via indirect 

calorimetry. Some studies use the doubly labeled water methodology as it is highly accurate and 

can measure EE in a free-living environment, though this method is expensive and assumes 

isotopes are only exchanged with body water and CO2 pools. Predictive equations, while useful 
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for broad estimations, cannot account for differences caused by age, sex, breed, health, 

environment, or neuter status. As described previously, these effects have a large impact on 

energy requirements, and so indirect calorimetry is more commonly implemented in 

experimental research. It is important to note however, that predictive equations are often based 

off initial indirect calorimetry experiments. Indirect calorimetry for cats involves the restriction 

of an individual animal for up to 24 hours in a respiration chamber of relatively limited space. 

Due to its restrictive nature, indirect calorimetry is often used to calculate REE, which accounts 

for approximately 70% of TDEE and is the most similar to BMR that can be measured in 

animals. The extended space restriction is a concern for cats as they are highly sensitive to their 

environment and may react negatively to the novelty and floor space restriction required to 

conduct indirect calorimetry. Many of the experiments involving cats and indirect calorimetry 

fail to employ a method of acclimation in order to eliminate a potential stress effect involved 

with temporary restriction.  

Cats are known to exhibit minimal behavioural signs of stress, making them unusual 

compared to many species. Furthermore, while initial signs of stress may be present and decline 

over a short period of time, this does not necessarily indicate cessation of the stress response. 

Cats exposed to a novel quarantine or cage restriction decreased the stress response within the 

first 24 hours but continued to decrease after several days of exposure and even further declined 

with continued exposure for up to five weeks (Smith et al., 1994; McCune, 1992). The stress 

response includes activation of the sympathetic nervous system and results in the release of 

epinephrine and glucocorticoids that modify metabolism (Seematter et al., 2005). This results in 

an increase in REE, glycolysis and lipolysis, insulin sensitivity, and ventilation rate. Behavioural 

tests including the Cat Stress Score (CSS), novel object test (NOT), and feeding and elimination 
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behaviour may be used to quantify stress levels (McCobb et al., 2005). Physiological markers of 

stress may also be used, such as cortisol concentrations and cardiovascular changes, though 

procedures like blood sampling and ultrasound may increase stress themselves. Kessler and 

Turner (1997) demonstrated that 67% of cats were adjusted to a novel environment after two 

weeks of exposure as indicated by the CSS system. Previous indirect calorimetry studies have 

ranged from no acclimation to temporary restriction (Carpenter, 1944; Peachey et al., 1999; 

Nguyen et al., 2004; Hoenig et al., 2006b; Leray et al., 2006) to one week of restriction with 

increasing periods of 2, 4 and 6 hours (Lester et al., 1999; Green et al., 2008). Lester et al. (1999) 

determined successful acclimation through eating and drinking patterns, as well as observed 

normal behaviour. Green et al. (2008) allowed for 3 consecutive days to acclimate before 

collection began using feed intake and behaviour to measure success. However, “normal” 

behaviour is not defined, and therefore cannot be reliably used in either of these studies, as 

indicated by cats’ tendency to reduce displays of abnormal behaviour. Studies such as that 

conducted by Russel et al. (2002) indicate familiarization of the cats to respiration chambers, but 

again this is unreliable due to the lack of detail. Since indirect calorimetry measurements are 

sensitive to small changes in metabolism, the effect of the stress response can greatly impact 

results.  

As cats have displayed the need for 2 weeks adaptation to a novel environment, and 5 

weeks adaptation for space restriction, most if not all of the previous studies regarding cats and 

indirect calorimetry provide insufficient acclimation to respiration chambers and therefore may 

be reporting inaccurate data. Gooding et al. (2012) aimed to quantitatively display this need for 

acclimation through careful behavioural observation. An 11-week step-up acclimation procedure 

was used in which feed intake, elimination behaviour, NOT, and CSS were measured in order to 
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determine successful acclimation. The 14 cats subject to this procedure were compared to 10 

additional cats that did not undergo acclimation. After these 11 weeks, all cats subjected were 

considered successfully acclimated and indeed showed a lower CSS than the unacclimated cats 

(P < 0.05). Unfortunately, this study did not measure EE or RQ, and so even though cats were 

shown that they need about 11 weeks of a step-up acclimation to calorimetry, we cannot 

definitively say whether EE and RQ were affected by increased stress associated a lack of 

acclimation. A replication of the study by Gooding et al. (2012) that includes EE and RQ 

measurements would build on the original findings that cats do show a stress response to the 

temporary restriction associated with indirect calorimetry. As indirect calorimetry provides 

robust measures of the impact of macronutrient metabolism, it is a strong tool for conducting 

research related to cat obesity. Therefore, it is critical that cats receive proper acclimation when 

undergoing temporary space restriction for indirect calorimetry measurements, in order to 

properly report experimental diet and nutritional supplements’ effects on energy and 

macronutrient metabolism.  

1.3.2 Energy Requirements of Cats 

The NRC (2006) recommends the following equations to predict the energy requirements 

for normal adult lean cats and adult obese cats respectively: 

100 kcal ME/kg BW0.67 

130 kcal ME/kg BW0.4 

These guidelines are just that and should only by used for approximating energy requirements 

due to the variability that arises from individual cat differences. More recent research 

(Bermingham et al., 2010) has proposed the following equations for lean, normal, and 
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overweight cats respectively: 

  53.7 kcal ME/kg BW1.061  

  46.8 kcal ME/kg BW1.115 

  131.8 kcal ME/kg BW0.366 

While these equations are often utilized by the pet food industry to make feeding 

recommendations, clinicians instead often use the following equation: 

RER = 70*(ideal BW)0.75  

which could lead to variability between the two. By predictive equations, the energy requirement 

for a 4 kg cat would be 253.15 kcal ME (NRC 2006), 219.55 kcal ME (Bermingham et al., 

2010), and 197.99 kcal ME for RER (resting energy requirement). Bermingham et al. (2010) also 

suggests 230.2 ± 6.9 kcal/d, or 58.0 ± 1.6 kcal/kg BW/d (or 232 kcal ME/day for the 4 kg cat). 

There is great variability between all of these, as well as RER not accounting for activity which 

would be different by individual cat. The meta-analysis by Bermingham et al. (2010) indicates 

the current NRC recommendations are overestimating energy requirements for domestic cats and 

is evident through the calculations made above. Indeed, a significant range of energy intake is 

estimated with the above mock calculations and demonstrates the need for more accurate 

predictive equations to be used by both veterinarians and the pet food industry.  

Energy requirements may differ even more when considering age and sex. Daily energy 

requirements (pooled data using doubly labelled water, indirect calorimetry, and feeding 

experiments) were significantly higher (P < 0.05) in young, growing cats (59.4 ± 2.1 kcal/kg 

BW) than in adult cats (48.4 ± 1.8 kcal/kg BW), but adult was not different from senior 

(Bermingham et al., 2010). Few studies have been performed on senior (>14 yr) cats, so this may 



15 
 

not be definitive; it is generally accepted that older individuals across species have decreased 

energy metabolism and therefore energy requirements (De Groot et al., 2001). Moreover, 

reproductively intact males (280.3 ± 18.3 kcal/d) had significantly higher (P < 0.05) energy 

requirements than reproductively entire females (215.0 ± 12.4 kcal/d), and neutered cats required 

approximately 10.4% less energy than their intact counterparts (Bermingham et al., 2010). Based 

on these, a one fits all equation cannot be used to determine energy requirements and more 

research involving indirect calorimetry is required to provide more detailed predictive equations 

for energy intake in cats accounting for differences in age, BCS and sex.  

The meta-analysis by Bermingham et al. (2010) showed indirect calorimetry as a 

methodology resulted in slightly lower energy requirement estimations than feeding experiments 

that used BW as an indicator for maintenance (P < 0.05) and doubly labeled water (P < 0.10). 

However, cats undergoing indirect calorimetry would measure resting energy expenditure (REE) 

due to the respiration chambers restrictive nature, and so this can be explained. Furthermore, it is 

generally accepted that “leaner is better” and a slight underestimation of energy requirements is 

preferred as increasing energy intake is more easily accomplished than restriction. Table 1.2 

summarizes relevant research using indirect calorimetry with healthy cats, indicating energy 

requirements reported and acclimation procedure used. Of these, Aub et al. (1922) states that 

“the animals used for this work were very quiet, docile… which lay very quietly and contentedly 

in the box” and Tennant (1998) states “no cat resented confinement in the basket”. Even the 

studies utilizing some form of acclimation fails to observe and report appropriate behaviour that 

is quantifiably measured. Center et al. (2011) is the only study reported to apply a step-up 

acclimation procedure, though it is too short by the standards previously stated and does not 

measure behaviour. Only the studies by Green et al. (2008) and Lester et al. (1999) report that  
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Table 1.2. Reported energy requirements and corresponding acclimation methods of indirect calorimetry 

experiments using cats partially. (Adapted from Bermingham et al., 2010). 

Reference Population (n) ER (kcal/kg BW) Acclimation Method 

Aub et al. (1922) 13 55.0 ± 11.0 None 

Caldwell (1931) 14 83.0 ± 7.5 2-4 days restriction 

prior to data collection 

Center et al. (2011) 26 

13 

18 

36.0 ± 0.2 

47 ± 7.9 

29.0 ± 0.2 

Step up acclimation 

spanning several days 

Center et al. (2012) 8 

8 

8 

48.0 ± 17.0 

34.0 ± 8.0 

54.0 ± 3.0 

Undescribed 

acclimation 2-3 weeks 

prior to collection 

Fettman et al. (1997) 5 

6 

6 

6 

67.2 ± 2.2 

67.5 ± 2.4 

83.2 ± 3.6 

80.1 ± 3.0 

None (housed for 1 

month) 

Ghielmetti et al. (2018) 22 

26 

86.5 

90.8 

1 day acclimation 

Gooding et al. (2016) 10 

10 

43.0 ± 3.3 

44.7 ± 3.3 

Gooding et al. (2012) 

acclimation protocol 

Green et al. (2008) 10 

10 

10 

10 

56.6 ± 14.3 

59.9 ± 21.5 

65.4 ± 14.3 

62.5 ± 16.7 

At least 3 consecutive d 

exposure 

Leray et al. (2006) 8 

8 

8 

47.3 ± 2.2 

51.4 ± 4.1 

52.6 ± 3.1 

None 

Lester et al (1999) 6 

6 

61.4 ± 17.1 

63.1 ± 5.9 

Acclimated over a 1-

week period for periods 

of 2, 4, and 6 h 

Nguyen et al. (2002; 

2004a; 2004b) 

7 

16 

12 

12 

29.6 ± 1.0 

39.0 ± 1.2 

39.0 

39.4 

None 

Peachy et al. (1999) 6 

6 

52.9 ± 0.4 

51.7 ± 1.2 

None 

Shoveller et al. (2014) 7 

13 

34.9 

45.8 

Gooding et al. (2012) 

acclimation protocol 

Tennant (1998) 6 44.0 ± 6.5 None 

Villaverde et al. (2008)  

10 

 

49.3 ± 1.3 

Introduction 1 mo prior 

to measurements for 3 

consecutive days 

Wei et al. (2011) 10 

10 

40.86 ± 4.0 

41.4 ± 4.8 

Introduction 1 mo prior 

to measurements for 3 

consecutive days 

Wichert et al. (2007) 8 57.3 One day of adaptation 
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normal eating, drinking, and movement behaviour were observed and used to determine 

successful acclimation, though this was not quantifiably reported. Energy requirement for cats in 

these studies had high variability ranging from approximately 29-90 kcal/kg BW, demonstrating 

the need for more precisely reported data. The need for proper acclimation of cats to temporary 

restriction in respiration chambers to ensure accurately reported data is required especially 

regarding using respiratory gases to predict energy metabolism. 

1.4 Nutritional Technologies 

Metabolically, cats tend to utilize more lipid than other mammals (Tanaka et al., 2005; 

Gooding et al., 2012) even when fed higher carbohydrate diets. This is suggested by 

evolutionarily increased activities of fructokinase, pyruvate kinase and glucose-6-phosphate 

dehydrogenase in the glycolytic pathway (Tanaka et al., 2005). In cats, lipids released during 

weight loss are commonly deposited in the liver and may result in hepatic lipidosis (Center et al., 

2000). Extreme weight loss therefore is of major concern in obese cats as they are predisposed to 

hepatic lipidosis (Center et al., 1993). With high amounts of energy restriction, it is important to 

provide a way to combat hepatic lipidosis. Currently, the only nutraceutical promoting increased 

EE and fat oxidation for cats is L-carnitine, with no alternatives currently proven to be as 

effective. The need for a nutritional technology to mitigate weight gain and to avoid hepatic 

lipidosis during weight loss is needed. 

1.4.1 L-Carnitine 

Carnitine is one of the most studied and commercially used nutraceuticals for BW 

management in cats. Carnitine is an essential cofactor of fatty acid metabolism, primarily 

responsible for transporting long chain fatty acids into mitochondria in the liver, heart, and 

skeletal muscle. It also acts as a cofactor to transport accumulated acetyl-CoA molecules out of 
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mitochondria to facilitate energy metabolism by favouring pyruvate oxidation, as increased 

concentrations of mitochondrial acetyl CoA can inhibit further β-oxidation (Bremer, 1983). 

Carnitine may be ingested through animal sources but is also produced endogenously from the 

AA lysine and methionine. However, the rate of biosynthesis is fairly low and so 

supplementation may be considered of greatest benefit when dietary protein is lacking or reduced 

(Flanagan et al., 2010). When carnitine concentrations are too low, fatty acid oxidation declines 

and triacylglycerols accumulate in tissues, which results in hyperammonemia and hepatic lipid 

accumulation in humans (Bremer, 1983). This indicates hepatic lipidosis and subsequent liver 

failure and may be characterized by reduced nutritional balance as a result of type 2 diabetes 

and/or extreme calorie restriction (Flanagan et al., 2010). The link between fatty acid oxidation 

and weight reduction is why carnitine was first proposed for supplementation.  

The natural diet of cats when consuming animal tissue results in the ingestion of 150 to 3000 

mg L-carnitine/kg (Lonza 1993), which is notably higher than that of even L-carnitine diet 

supplemented cats. Supplementation of L-carnitine at dietary intakes of 250 mg/cat, 100 mg/kg 

food, and both 100 and 150 mg/kg was found to be effective at increasing EE and decreasing RQ 

(Center et al., 2000; Shoveller et al., 2014; Center et al., 2012). Dogs showed no additional 

benefits when L-carnitine supplementation was increased from 50 to 100 mg/kg (Sunvold, 1998). 

Center et al., (2012) observed changes in supplementing 0, 50, 100 and 150 ug/g, and while total 

weight loss did not differ between groups those receiving the two higher concentrations of L-

carnitine did display a greater percentage of weekly weight loss. However, there were no 

significant differences in rate of weight loss or total achieved weight loss by the end of the study, 

indicating absolute weight reduction was not increased by supplemented L-carnitine. Center et 

al. (2000) found that cats receiving supplement L-carnitine lost weight at a median rate 33.8% 
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greater than control. These cats’ age was not reported, other than not being significantly different 

between groups. Age would be an important consideration in investigating the efficacy of L-

carnitine for improving weight loss outcomes, as age has been associated with reduced metabolic 

rate and whole-body concentrations of L-carnitine, as well as a decrease in LBM and therefore 

could influence results. The cats used in the study by Center et al. (2000) were at least 20% 

overweight, indicating a high degree of obesity and a BCS of likely at or above 8 on the 9-point 

scale. Further studies by Shoveller et al. (2014) investigated supplementing L-carnitine to both 

lean and obese cats in order to observe the potential differences in previously observed effects.  

Weight loss was not the objective of this study, cats were fed to maintain BW and as such, this 

experimental paradigm differs from that of weight loss. Significantly greater play motivation was 

reported in overweight cats fed L-carnitine compared to overweight cats fed control. This 

suggests an increase in motivation resulting in voluntary physical activity and subsequently over 

time, could help achieve weight loss. The study by Gooding et al. (2016) demonstrated lower 

body fat deposition in cats in positive energy balance when fed a higher concentration of L-

carnitine (188 ppm diet). However, there were otherwise no metabolic benefits of feeding this 

higher concentration. As cats in this study were fed above energy requirements, this supports the 

theory that the most benefit of this supplement lies in cats undergoing weight loss. A study 

examining the effects of overfeeding overweight cats both supplemented and not may be 

beneficial into further examining this.  

Reduced energy intake needed for weight loss or to improve insulin resistance as 

observed in cats with type 2 diabetes may result in adaptive thermogenesis, which lowers REE 

and may inhibit weight loss resulting in a plateau in BW (Müller and Bosy‐Westphal 2013). Cats 

fed L-carnitine have been shown to sustain their REE and LBM, suggesting protection of these 
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during weight loss (Center et al., 2012). In this study, REE was significantly lower in the 

unsupplemented group on 3 separate collection days compared to the control, ranging from 7% 

to 24%. This was further supported when reintroducing an energy dense diet, as control cats’ 

REE increased, displaying adaptive thermogenesis during weight loss in this group. Furthermore, 

RQ was lower in cats fed L-carnitine compared to control, indicating increased fat oxidation. 

Cats fed the two highest concentrations of L-carnitine showed over 60% increase in fatty acid 

oxidation while control cats had a significantly greater rate of carbohydrate oxidation. 

Furthermore, cats consuming L-carnitine showed significant increase in LBM and decrease in 

FM sooner, but was observed in all cats by the end of the study. The study by Shoveller et al. 

(2014) demonstrated overweight cats fed L-carnitine had significantly greater EE after fasting 

and 15 hours post-feeding compared to control cats. This observation was not made in lean cats, 

indicating that L-carnitine only exerted its effects on overweight individuals or that overweight 

individuals have a higher requirement fulfilled through supplementation. This may be explained 

by the differences in LBM and muscle fat stores and could further support the increase and 

maintenance in LBM of overweight cats undergoing weight loss (Center et al. 2012). Similar to 

the study by Center et al. (2012), this study observed a significant decrease in RQ in overweight 

cats fed L-carnitine from baseline. These results suggest L-carnitine supplementation is 

ultimately most beneficial to overweight cats, especially undergoing weight loss and 

maintenance. L-carnitine is also shown to be beneficial in the case where calorie restriction may 

be unintentionally too great and will minimize or eradicate the potential loss of LBM. Whether 

overweight cats have a higher requirement of L-carnitine, or endogenously produce less 

compared to their lean counterparts, requires further investigation.  
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L-carnitine not only promotes weight loss and maintenance of LBM but may also 

improve overall lipid metabolism. Center et al. (2000) reported concentrations of total 

cholesterol above the normal range more frequently in the control group of cats undergoing 

weight loss; however, both supplemented and unsupplemented cats showed greater cholesterol 

during weight loss than at maintenance. Transient hypercholesterolemia has been shown to occur 

in humans undergoing severe weight loss (Phinney et al., 1991), and severe weight reduction in 

hyperlipidemic humans has also demonstrated supplemental carnitine’s ability to decrease serum 

cholesterol concentrations (Rossi and Siliprandi 1982; Pola et al., 1983). However, the dietary 

formulation used by Center et al. (2000) was expected to increase total cholesterol (TC) and 

increase the proportion of low-density lipoprotein cholesterol (LDL-C). In semi starved cats 

(Armstrong et al., 1992) and rats (Feng et al., 2001) undergoing rapid BW loss, L-carnitine 

reduced hepatic fat accumulation in cats and enhanced lipid metabolism and reduced ketogenesis 

in rats. Furthermore, human patients with type 2 diabetes appear to have increased risk for 

carnitine deficiency, which may contribute to the development of hepatic lipidosis in cats (Cave 

et al., 2008). Supplementation of L-carnitine appears to improve fatty acid oxidation, which may 

decrease the risk of developing hepatic lipidosis (Lin et al., 2005). The supplementation of L-

carnitine therefore improves the fractional distribution of carnitine, as observed by Center et al. 

(2000). Indeed, in the study by Blanchard et al., (2002), obese cats consuming low L-carnitine 

(40 mg/kg) had lower levels of carnitine compared to the high L-carnitine (1000 mg/kg) group. 

However, when experimental hepatic lipidosis was induced, the low L-carnitine group displayed 

increased concentrations of liver carnitine compared to the high L-carnitine group. As carnitine 

is synthesized in the liver, this result is likely due to the accumulation of lipids in the liver and 

would prevent the distribution and use of L-carnitine in other areas such as the muscle. In this 
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same study, the low L-carnitine fed cats had 2 to 3-fold greater free fatty acid concentrations 

compared to cats fed high L-carnitine. However, triglycerides and cholesterol were not different 

between groups. This indicates the protective effect of supplemental L-carnitine against hepatic 

lipidosis that is associated with rapid weight loss or obese patients, but that L-carnitine may not 

be effective at improving lipid profile and dyslipidemia. 

1.4.2 Policosanol 

 Currently in the pet food industry, there is a trend towards organic and holistic 

ingredients that are perceived as a more “natural” source of nutrients by pet owners (Buff et al., 

2014). Naturally sourced alternatives to chemically derived drugs are well tolerated and exhibit 

few to no clinical and laboratory adverse events (Jantan et al., 2015). Therefore, if the efficacy of 

a naturally sourced nutritional technology was equal or similar to that of a chemically derived 

substance for example L-carnitine, which is chemically synthesized, it may be better accepted by 

pet owners. Policosanol is a dietary supplement composed of higher aliphatic alcohols, 

commonly extracted from sugar cane or beeswax. These primary aliphatic alcohols are of 24-34 

carbons in length, of which the predominant is octacosanol (63%) followed by triacontanol 

(13%) and hexacosanol (6%). The purported effects of policosanol include a reduction in TC and 

LDL-C as well as increased high-density lipoprotein cholesterol (HDL-C). Reduction in 

triglycerides (TG) have also been reported in some studies. Policosanol may therefore be 

beneficial in obese cats, especially those with type 2 diabetes or dyslipidemia.  

 Policosanol appears to exert its main effects on LDL-C, either through the action of 

inhibiting cholesterol synthesis, enhanced LDL catabolism, or both. Figure 1.1 shows the 

cholesterol biosynthesis pathway and the mechanism of action of policosanol. Research by 

Menendez et al. (1996) did not find a decrease in rate of hepatic cholesterol synthesis in  
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Figure 1.1 Cholesterol biosynthesis pathway. (1) Indicates site of action in statins. (2) Indicates 

site of policosanol action. (Adapted from JJ Medicine, 2017). 

 

 

SREBP = sterol regulatory element-binding protein; AMP = adenosine monophosphate; ATP = 

adenosine triphosphate; NAD(P)H = nicotinamide adenine dinucleotide (phosphate) 
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policosanol supplemented rats using tritiated water. There was also no competitive or non-

competitive inhibition of HMG-CoA reductase in liver homogenates. Further research by 

Menendez et al. (2001) showed, in cultured human fibroblasts, policosanol decreased [14C] 

acetate incorporation into cholesterol, but did not affect [14C] mevalonate, indicating inhibition 

of cholesterol synthesis. However, policosanol did not inhibit HMG-CoA reductase through 

mevalonate synthesis when added to cell lysates, which suggests it may not directly act on this 

enzyme. The ability of policosanol to prevent the up-regulation of HMG-CoA reductase activity 

suggests suppression of its synthesis, or enhanced enzyme degradation. Singh et al. (2006) found 

maximal inhibition (~30%) at a policosanol dose of 25 ug/ml; decreasing cholesterol labelling 

from [14C] acetate in rat hepatoma cells. Policosanol did not affect mevalonate uptake into these 

cells, proving policosanol acts before mevalonate formation. However, at concentrations of 

policosanol above 5 ug/ml policosanol appears to act downstream of mevalonate synthesis. 

Lanosterol synthesis from [14C] acetate was decreased at low concentrations of policosanol, but 

it was not until concentrations of 10 ug/ml policosanol that lanosterol synthesis was decreased 

from [14C] mevalonate. Singh et al. (2006) also found that policosanol did not reduce enzyme 

activity until hepatoma cells were incubated for 3h, suggesting policosanol may act by promoting 

phosphorylation of three protein kinases shown to inactivate HMG-CoA reductase. Policosanol 

increased the amount of phosphorylated AMP-kinase in hepatocytes by more than 3-fold after 3h 

of treatment, and these results were demonstrated in human hepatoma cells as well. Furthermore, 

Menendez et al. (1997) found LDL-C binding, uptake, and degradation were greater at 

concentrations that did not significantly decrease cholesterol synthesis. This may indicate a 

coupled inhibition of cholesterol synthesis as well as LDL-C catabolism. Figure 1.2 displays the 

hepatic pathway of cholesterol, including degradation. Rabbits with diet induced  
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Figure 1.2. Endogenous cholesterol pathway. (1) Indicates the site of action for policosanol. (2) 

Indicates low cholesterol or lack of policosanol action. (3) Indicates high cholesterol or 

supplemented policosanol action. (Adapted from The British Journal of Cardiology, 2015 and 

Palmer, 2012). 

 

ApoB = apolipoprotein B; LDLR = low density lipoprotein receptor; LRP = LDL receptor-

related proteins; HTGL = hepatic triglyceride lipase; LDL = low density lipoprotein 

cholesterol; IDL = intermediate density lipoprotein cholesterol; HDL = high density lipoprotein 

cholesterol, FFA = free fatty acids;LPL = lipoprotein lipase, VLDL = very low density 

lipoprotein cholesterol; SREBP = sterol regulatory element-binding protein; SCAP = SREBP 

cleavage-activating protein; INSIG = insulin induced gene  
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hypercholesterolemia experienced greater removal of [125I] LDL from blood and hepatic LDL 

binding capacity compared to control, indicating increased receptor-mediated uptake by the liver 

as part of policosanol induced LDL-C decrease (Menendez et al., 1997). Policosanol also 

reduced the incorporation of tritiated water into sterols in these hypercholesterolemic rabbits. 

This study also speculated that policosanol induced changes in hepatic cholesterol metabolism 

and may be caused by both the presence of these higher aliphatic alcohols, but also the very long 

chain fatty acids and secondary metabolites that result from a reversible fatty alcohol cycle 

(Rizzo et al., 1987; Ichihara et al., 1986) and β-oxidation. In vitro studies on policosanol are 

limited, due to the fact that the higher aliphatic alcohol mixture is very difficult to dissolve. 

Though the exact mechanism by which policosanol acts is not entirely proven, the low overall 

absorption and substantial effects could suggest a lipid-lowering effect at the intestinal level. 

There is no validated method to determine policosanol compounds or their metabolites in serum 

or tissues ex vivo after dose administration, therefore there is no current proof of intact aliphatic 

alcohols’ absorption from the intestinal tract. Further research is warranted to validate the 

mechanisms by which policosanol acts, and lead to a better understanding of the compound. The 

study by Kabir and Kimura (1993) showed that oral administration of [14C] octacosanol in rats 

were fractionally absorbed and distributed between several tissues and may be partially degraded 

to fatty acids. Together, these suggest that policosanol’s actions are 1) decreasing HMG-CoA 

reductase activity by activating AMP-kinase and 2) increasing hepatic LDL-receptor expression, 

though more mechanisms involving the intestinal tract and fatty acid cycle may be involved.  

The efficacy and tolerability of policosanol have been documented in more than 3000 

human patients in >60 clinical trials (Gouni-Berthold and Berthold 2002). Most of this research 

has been performed in Cuba, where development and administration of policosanol first began. 
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While sufficient data on other ethnic populations is still required for validation, a wide array of 

animal models have demonstrated positive results. In both clinical studies and animal models, 

different health statuses and administration lengths have been studied; the most notable of these 

have been summarized in Table 1.3. The following studies with healthy subjects all had equal 

sexes (except for the all male monkeys) and were double blind, placebo-controlled trials. In 

healthy, normocholesterolemic volunteers without dietary restriction, 10 or 20 mg/day 

policosanol supplementation for four weeks decreased TC and LDL-C significantly and dose 

dependently, but only caused a small, generally insignificant increase in HDL-C (Hernandez et 

al., 1992). The study by Mesa et al. (1996) used young, healthy, normal BW beagles and 

supplemented either 30 or 180 mg/kg daily policosanol for 52 weeks. Significant reductions in 

TC of 16% occurred at week 8 in both treatment groups, as well as reductions of 22.5% and 27% 

at week 52 in the 30 and 180 mg/kg daily groups respectively. Eight weeks was the earliest time 

examined, so it is possible these effects were already significant at four weeks of treatment, as 

indicated by Hernandez et al. (1992). Nevertheless, this study showed that effects of policosanol 

were in fact dose-dependent and increased with length of administration time. Furthermore, 

because HDL-C was not affected, it can be inferred that LDL-C would therefore have been 

lowered alongside TC. There was no change in TG in this study, however, these animals were 

young, healthy, and of normal BW. Moreover, in healthy monkeys, Rodriguez et al. (1994) 

observed a decrease in TC by week 4 of treatment, but this reduction was not statistically 

significant until week 8 in the highest daily treatment group of 25 mg/kg, and week 16 in the 

0.25 and 2.5 mg/kg daily treatment groups. All three groups achieved a reduction of 20-33% by 

week 54, though this was achieved as early as week 4 in all three treatment groups. This study 

examined differences from the control group, instead of allowing each treatment groups  
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Table 1.3. Summary of randomized double-blind placebo-controlled trials administering 

policosanol to lower cholesterol. (Adapted from Gouni-Berthold and Berthold, 2002). 

 

Population (n) Policosanol 

dosage (mg/d) 

Treatment 

duration (wk) 

LDL-C 

change 

(%) 

TC 

change 

(%) 

HDL-C 

change 

(%) 

TG 

change 

(%) 

HV (38) 2 × 5 

2 × 10 

4 -10.0 (NS) 

-22.0* 

-10.7* 

-11.3* 

+2.6 (NS) 

+23.9* 

-33.6* 

-36.5 (NS) 

HC (56) 2 × 10 8 -17.7* -13.1* -3.3 (NS) -13.7 (NS) 

HC (45) 1 × 5 6 -21.5* -16.2* +14.0 (NS) -4.3 (NS) 

HC (33) 2 × 5 

2 × 10 

6 -21.2* 

-30.0* 

-16.7* 

-20.9* 

+2.9 (NS) 

+7.7 (NS) 

-23.3 (NS) 

-12.1 (NS) 

HC (22) 1 × 5 

2 × 5 

2 × 10 

8 -11.3* 

-21.9* 

-32.2* 

-8.0* 

-14.1* 

-23.0* 

+7.8 (NS) 

+7.2 (NS) 

+7.7 (NS) 

-2.7 (NS) 

+7.8 (NS) 

-10.5 (NS) 

HC (59) 1 × 5 52 -23.7* -15.3* +2.2 (NS) ± 0.0 (NS) 

HC (97) 2 × 5 52 -27.5* -16.3* +25.9* +17.5 (NS) 

HC (69) 2 × 5 104 -24.8* -18.3* +11.2* -13.0 (NS) 

HC and type 2 diabetes 

(29) 

2 × 5 12 -21.7* -16.9* +6.5 (NS) -6.6 (NS) 

HC and type 2 diabetes 

(19) 

2 × 5 12 -44.4* -28.9* +23.5* -2.4 (NS) 

HC elderly patients (62) 2 × 5 52 -23.1* -15.6* +6.3 (NS) -3.5 (NS) 

HC and hepatic 

dysfunction (46) 

1 × 5 

2 × 5 

12 -19.1* 

-22.3* 

-13.6* 

-15.4* 

+11.5* 

+17.9 (NS) 

-11.9 (NS) 

-10.2 (NS) 

 

TC = total cholesterol, HDL-C = high density lipoprotein cholesterol, LDL-C = low density 

lipoprotein cholesterol, TG = triglycerides. HV = healthy volunteers, HC = 

hypercholesterolemia. NS = not significant. % change is between baseline and end of treatment 

values. * P < .05 
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baseline measurements to act as their own control. While comparing to a control group is often 

necessary for determining statistical significance, differences at baseline and changes from 

baseline are clinically relevant. For example, the 0.25 mg/kg daily treatment group had an 

average reduction in TC of 23% at week 4 but this was not statistically significant as the control 

group had a similar concentration of serum cholesterol at that time. Similar results of significant 

differences were obtained with LDL-C, further indicating an improved lipid profile in these 

monkeys. Overall, to date, studies have demonstrated that policosanol can safely be administered 

to healthy subjects without adverse effects and are also beneficial in improving lipid profile 

which may help treat disease.  

External research to that of the original research group in Cuba has been unable to 

confirm cholesterol-lowering effects of policosanol in both animal (Kassis et al., 2007; Murphy 

et al., 2004) and humans (Berthold et al., 2006; Francini-Pesenti et al., 2006) though these 

studies did not use sugarcane derived products, nor did they have the same preparation and 

composition. The original research group has studied the comparison of the original policosanol 

supplement, and another policosanol product called Lesstanol®. Significant reductions were 

observed in TC and LDL-C when supplementing with the original (20.4% and 30.2% 

respectively), but there was a smaller reduction (10.0% and 8.7% respectively) in the Lesstanol® 

group (Castano et al., 2002). This difference is proposed to be due to the purity of policosanol, as 

well as concentration of octacosanol, however this has been disputed in the literature. Subjects 

may also be responders, non-responders, or even adverse responders, which increases the 

variability of inter-individual response. Other factors that may lower the efficacy of plant based 

suppplements include dosing, frequency of dosage, time of intake, and the food/supplement 

matrix (Katan et al., 2003; AbuMweis et al., 2009; Plat et al., 2000; Berger et al., 2004). 
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Short term studies of 6- or 8-week periods in patients with type II hypercholesterolemia 

suggest that 5 or 10 mg/day of policosanol lowers TC by 13% or 16%, and LDL-C by 18% or 

22%, respectively (Pons et al., 1992; Aneiros et al., 1995). Several studies have observed 

policosanol’s ability to increase HDL-C in patients with type II hypercholesterolemia (Pons et 

al., 1994; Pons et al., 1992; Aneiros et al., 1995; Castano et al., 1999; Castano et al., 2000). 

Arruzazabala et al. (2002) found that in patients with type II hypercholesterolemia, policosanol 

dosages of 20 and 40 mg/day significantly lowered TC by 12.4% and 12.3%, LDL-C by 15.9% 

and 17%, significantly increased HDL-C by 5.4% and 5.1%, respectively. Accordingly, the ratios 

of TC or LDL-C to HDL-C were improved substantially. In this respect, policosanol appears to 

be superior to statins and fibrates, which are chemical drugs used to treat hypercholesterolemia. 

Triglycerides are reduced to some extent in patients with type II hypercholesterolemia, but for 

the most part were not significantly affected. Multiple studies have demonstrated the dose 

dependent effects of lowering TC and LDL-C, and that at 20 mg, LDL-C can be lowered by as 

much as 30% (Pons et al., 1994; Aneiros et al., 1993). Additionally, the ratios of TC and LDL-C 

to HDL-C can be substantially lowered by as much as 30%. The response of HDL-C is generally 

an increase but was only significant in some studies. Furthermore, triglycerides have shown a 

variable response, and it is not clear whether species, health status, some combination or another 

unknown effect may explain this. More recent studies have demonstrated significant reductions 

of TC and LDL-C in elderly patients with mixed dyslipidemia (Wang et al., 2018), 

hypercholesterolemic women (Cho et al., 2018), and healthy volunteers (Park et al., 2019). Cho 

et al. (2018) also observed a reduction in triglycerides, and a 1.7-fold increase in HDL-C while 

Park et al. (2019) observed a significant increase in HDL-C after 12 weeks of supplementation. 

Long term studies of over 1 year with dose of 5 mg/day (Pons et al., 1994), 10 mg/day (Canetti et 
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al., 1994), and over 2 years with 10 mg/day (Canetti et al., 1995) found that TC and LDL-C 

lowering effects are maintained throughout this time, but that maximal effects are reached after 

6-8 weeks of treatment. This was also observed in the recent study by Kyung et al. (2018), where 

healthy volunteers consumed 10 or 20 mg/d policosanol for 6 months. TC was significantly 

reduced by 8% and 13% respectively, while HDL-C was significantly increased by 16% and 

12%, respectively. Though it has been shown that the effects of policosanol are dose-dependent, 

there does appear to be a threshold where no further changes are observed. This amount appears 

to differ within species and may also be specific to health status. In patients with diabetes 

mellitus, coronary heart disease is the most frequent cause of death and can be characterized by 

dyslipidemia as a major risk factor. A double-blind placebo-controlled study of patients with 

controlled non-insulin dependent diabetes mellitus (type 2) and hypercholesterolemia used 

policosanol supplementation at 10 mg/day, resulting in reductions in TC of 16.9% and LDL-C of 

21.7% (Torres et al., 1995). Although heart risks are not common in cats, improving 

dyslipidemia would ultimately benefit cats with diabetes mellitus. From the studies examined, it 

appears policosanol exhibits its general cholesterol lowering effects on most subjects but may 

only alter specificities such as HDL-C and triglycerides on subjects exhibiting dyslipidemia or 

health conditions. Regardless, supplementation of policosanol improves lipid profile and is 

therefore beneficial to overall health. Furthermore, the effects of policosanol are dose dependent 

and increase over time, though both of these plateau at a certain point. 

 Several toxicity studies have been performed in multiple animal models, including mice, 

rats, beagles, and monkeys. A 1-year study in rats receiving oral administration of up to 500 

mg/kg/day did not cause any drug related toxicity (Aleman et al., 1994). This study observed 

animals for: clinical signs of toxicity, BW, biochemical and hematological parameters, organ 
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weights, and anatomopathological study and found no significant differences between control 

and all dosages of policosanol. A 1-year study performed by Mesa et al. (1994) used beagle dogs 

and compared policosanol dosages of 30 and 180 mg/kg daily to control. Results were similar as 

no mortality, clinical signs, changes on blood parameters, differences in organ weight, or liver 

lesions were observed. Liver lesions are a common occurrence in other lipid lowering drugs, as 

the liver is the primary site of endogenous cholesterol synthesis and is therefore the primary 

target of statins (Germershausen et al., 1988). The study by Rodriguez-Echenique et al., (1994) 

administered policosanol up to 25 mg/kg daily, over 80 times the recommended therapeutic dose, 

to male monkeys. No blood biochemical and hematological parameter differences, 

anatomopathological changes, or mortality occurred, and no signs of toxicity were noted. In fact, 

less aortic lesions were found in the policosanol groups compared to control. Gamez et al. (2001) 

investigated doses of policosanol up to 5,000 mg/kg daily for 6 months in rats and observations 

were made for toxicity effects, anatomopathological changes, and blood biochemistry 

differences. No signs of toxicity were observed in any of the groups. These acute toxicity studies 

were unable to reach the LD50, and so the accepted upper limit is over 5,000 mg/kg. The safety 

and efficacy of policosanol was also documented in a long term-study with elderly 

hypercholesterolemic patients and found no adverse events (Castano et al., 1995). These findings 

are critical, as this population usually presents impairment of renal and hepatic function. Since 

policosanol did not increase liver enzyme (aspartate aminotransferase and creatine 

phosphokinase) concentrations, liver lesions, or cause liver tumors, this suggests no 

hepatotoxicity with chronic supplementation. Cumulatively, these studies demonstrate that long 

term administration of policosanol is generally well tolerated and safe, causing no serious 

adverse clinical or biological effects. Administration of lipid lowering therapy are often long-
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term, and therefore safety is of critical importance. Even at doses over 1,000-times the maximal 

recommended therapeutic dose, policosanol induced no adverse effects and therefore has a wide 

safety margin. Of the few side effects that have been reported with orally administered 

policosanol, the most common was weight loss (Fernandez et al., 1998). However, this event, in 

addition to the lipid profile improving capacity of policosanol, would be welcome regarding 

supplementation in overweight or obese cats.  

1.5 Summary 

 Obesity in companion animals is an ongoing issue that has consistently increased in 

severity year after year. Due to the large number of contributing factors to obesity, it is critical to 

investigate all areas of concern in order to minimize and reduce risk of becoming obese. The 

need for cats to be acclimated to indirect calorimetry equipment before beginning data collection 

is necessary to reduce the stress response, as it is possible that previous research has been 

overestimating energy requirements. While solving this issue is certainly a step in the right 

direction, it is important to continue research on weight management and disease prevention in 

overweight and obese cats. One of the simplest ways to do this is through nutritional 

supplementation, which can be easily incorporated into commercial foods or supplemented 

individually. Though the current popular and well-studied supplement L-carnitine is effective in 

reducing weight gain in cats fed over energy requirements and to increase EE and physical 

activity in overweight cats, the study of novel nutraceuticals such as policosanol is an appealing 

alternative for possibly improved benefits or synergistic effects. As L-carnitine does not 

demonstrate any direct capabilities of decreasing the risk of hyperlipidemia in cats, policosanol 

may be a more appealing alternative, or may be used in addition to, in order to manage 

overweight and obesity in domestic cats.  
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Chapter 2: Research Hypotheses and Objectives 

The overall purpose of the studies presented in this thesis was to evaluate changes in the 

metabolism of young, adult, healthy domestic cats of varying weight and body condition score in 

response to environmental and nutritional changes. More specifically, the purpose of the study in 

Chapter 3 was to measure changes in EE and RQ of cats undergoing acclimation to temporary 

space restriction within indirect calorimetry chambers using a previously validated protocol from 

a behavioural study. In Chapter 4, the purpose of the study was to compare changes in lipid 

profile, blood biochemistry, voluntary activity, EE an RQ of cats fed nutritional supplements 

intended for weight loss. Overall, the research hypotheses for this thesis were as follows: 

1. Cats provided with adequate acclimation to temporary space restriction within 

indirect calorimetry chambers would have lower EE and RQ compared to the start of 

acclimation (Chapter 3) 

2. L-carnitine and policosanol but not raw policosanol supplementation fed to 

overweight cats would increase their EE, macronutrient metabolism of fat, and 

voluntary activity (Chapter 4). It was further hypothesized that: 

a. Both nutritional supplements would not negatively impact lean cats, leading to 

safe consumption without any adverse health effects (Chapter 4) 
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Chapter 3: Introduction of Young Adult Cats to Indirect Calorimetry Respiration 

Chambers Causes Increased Energy Expenditure, Respiratory Quotient, and Respiratory 

Rate alongside Cat Stress Score that Returns to Baseline Following Acclimation Protocol 

3.1 Abstract 

 Indirect calorimetry is an important tool for accurate quantification of energy expenditure (EE) and 

macronutrient metabolism expressed by respiratory quotient (RQ). The resulting data underpin the formulation of 

diets and development of feeding recommendations for cats. Lack of acclimation of cats to the temporary space 

restriction in chambers required for indirect calorimetry may have led to variable measurements of EE and RQ due 

to differences in stress responses that cause behavioural and physiological changes. The objective of this study was 

to replicate a behavioural procedure to acclimate adult cats to the temporary restriction in indirect calorimetry 

chambers and measure any changes in EE and RQ. Eight healthy adult cats (4 spayed females, 4 neutered males; 2.5 

± 1.5 years; 4.8 ± 1.8 kg) underwent a 13-week stepwise acclimation procedure adapted from previous research. 

Cats were acclimated to the chambers in their home environment, the chambers in the study room, and to increasing 

length of restriction within the chambers. Cat-stress-score (CSS), respiratory rate, fearfulness as assessed with a 

novel object test (NOT), food intake, elimination behaviour, EE, and RQ were measured. Baseline levels of CSS, 

NOT, and respiration were measured prior to study start as indicators of stress level and used to determine 

successful acclimation at the end of the study. Data were analyzed with SAS using repeated measures ANOVA 

mixed model with significance at P < 0.05. Stress based on CSS, NOT, and respiration peaked (P < 0.05) on Weeks 

4, 9, & 10, all of which returned to baseline with exposure as shown by the similar values observed by Week 11 (P < 

0.05). Both EE and RQ peaked (P < 0.05) on Week 10 and 11 respectively, with values significantly lower (P < 

0.05) alongside behaviourally observed stress level by Week 13. As hypothesized, stress level, EE, and RQ were all 

significantly increased at the start of temporary restriction acclimation compared to the end and together strongly 

suggests that stress can be a significant variable in energy balance measurements when using indirect calorimetry. 

All cats were deemed to be fully acclimated and returned to baseline measurements by the end of the study. A 

stepwise acclimation procedure should therefore be used in order to prepare cats for repeated temporary space 

restriction required for indirect calorimetry studies and to reduce the impact of increased stress on energy and 

macronutrient metabolism.  
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3.2 Introduction 

Feeding recommendations for pets are meant to meet their energy requirements, however 

these often utilize predictive equations that require knowledge of energy expenditure (EE). The 

gold standard for predicting EE is indirect calorimetry (Center et al., 2011). Indirect calorimetry 

measures the consumption of oxygen and production of carbon dioxide in order to calculate 

resting energy expenditure (REE) and respiratory quotient (RQ). In order to measure these 

gasses, animals must be placed in chambers with a total volume appropriate for their body size. 

The acute exposure to this new space restricted environment may cause an increase in stress. 

This raises welfare concerns as increased levels of stress may result in fear behaviours, as well as 

changes in physiological parameters (Nibblett et al., 2015), that may affect the accuracy of data. 

Gooding et al. (2012a) found that a step-wise acclimation procedure to calorimetry chambers 

produced cats with faster latencies to approach a novel object during a novel object test (NOT) 

and lower Cat Stress-Score (CSS) in acclimated as compared to un-acclimated cats and that these 

cats returned to baseline stress measures after full acclimation to temporary space restriction. 

While Gooding et al. (2012a) found that cats could be acclimated to indirect calorimetry they did 

not measure energy metabolism and as such, we are not confident that increased stress in cats 

would be associated with altered energy metabolism. 

Stress increases a number of behavioural and neuroendocrine responses that modify 

energy and macronutrient metabolism. Cortisol and glucose concentrations increase in response 

to stress and may cause an increase in EE, as well as a shift in macronutrient metabolism from a 

mixed macronutrient usage toward carbohydrate (CHO) use (Carlstead et al. 1993). A cat 

experiencing stress will tend to have greater EE, which may lead to an overestimation of their 

caloric requirements. The inaccuracy of these estimates may lead to overfeeding and weight 
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gain. A cat experiencing stress will also alter carbohydrate metabolism and cause RQ to increase, 

which may be associated with glucose intolerance and insulin resistance. Specifically, an RQ of 

approximately 0.8 indicates the oxidation of mixed macronutrients, while <0.80 indicates a 

greater proportion of fat utilization, and 0.9-1.0 indicates a greater proportion of CHO utilization 

(Gerrits et al. 2015). Finally, food intake and elimination behaviour may become impaired with 

stress and may also negatively impact EE and RQ.  

 Currently, no previous studies have compared EE and RQ between partially acclimated 

and fully acclimated cats. This study therefore aims to build upon that observed by Gooding et 

al. (2012a) by investigating whether energy metabolism changes throughout the acclimation 

procedure. The objectives of this study were to validate a behavioural acclimation procedure for 

cats to calorimetry chambers and measure EE and RQ alongside observed stress. Successful 

acclimation will be determined using CSS, NOT, and respiratory rate. Both EE and RQ data will 

be collected to measure any potential changes in response to stress throughout acclimation. We 

hypothesized that all cats would be successfully acclimated to the calorimetry chambers based on 

their CSS, NOT, and respiration, thereby returning to that of their baseline evaluations. 

Furthermore, EE and RQ will both be lower at the end of temporary space restriction when 

compared to the beginning, indicating that stress increases EE and alters RQ. 

3.3 Materials and Methods 

All procedures were reviewed and approved by the University of Guelph’s Animal Care 

Committee (AUP#3999). 



38 
 

3.3.1 Animals, Diet, and Housing 

A total of 8 (4 spayed females, 4 neutered males) domestic, short and long-haired cats 

(2.5 ± 1.5 years; 4.8 ± 1.8 kg) were used. Cats resided at the University of Guelph in the Animal 

Biosciences Cat Colony (Guelph, ON, Canada). Standard veterinarian evaluation of health was 

completed prior to the study and all cats were deemed healthy.  

 Cats were fed I19 Nutram Ideal Solution Support® Skin, Coat and Stomach Cat Food 

(Elmira, ON, Canada; Table 3.1) to individual maintenance requirements once per day at 0800, 

individually in cat condos (91.5 H x 60 W x 128 H cm). Each cat was permitted 60 min to eat 

and orts were recorded daily. Body weight (BW) and body condition score (BCS) were measured 

weekly and monthly, respectively. Water was provided ad libitum from 3 large water dishes 

placed throughout the room and changed daily.  

Cats were group housed in an indoor free-living environment. The room was furnished 

with environmental enrichment including perches, beds, toys, toy houses, scratching posts, a 

multi-level cat tree, and various climbing apparatus. A light cycle of 12:12 starting at 0700 was 

provided and cats had daily social interaction for a minimum of 2 hrs each day with familiar 

individuals. Socialization included petting, grooming, and playing with restricted access toys. 

The room temperature was maintained at 22°C and a relative humidity of 30-70%. The room was 

also swept clean and disinfected daily with diluted vinegar solution for surfaces and diluted 

bleach for floors. Litterboxes were scooped daily and disinfected weekly with diluted vinegar 

solution. 

 Indirect calorimetry chambers made of Plexiglass were used (dimensions 53.3 x 53.3 x 

76.2 cm). The chambers were outfitted with a food and water bowl, a litter box, toy, fleece bed, 

and elevated level. The chamber allowed for separation of feeding, sleeping, and elimination 
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areas. Chambers, bowls, litter boxes, toys, and fleece beds were cleaned and disinfected after 

every use. Calorimetry equipment used was a product of Qubit SystemsⓇ (Kingston, ON, 

Canada). 

3.3.2 Acclimation Procedure 

The acclimation procedure was adapted from Gooding et al. (2012a). This procedure was 

extended to 13 weeks to allow for a longer acclimation time expected by older cats. Cats were 

acclimated to the primary researchers prior to the study and had exposure to the sounds 

associated with the indirect calorimetry equipment (specifically large rotary vein pumps). Once 

normal behaviour was observed, and cats had become acclimated to the primary researchers, 

baseline behavioural observations were recorded.  

Weeks 1-3 

 During the first 3 weeks, cats had free access to a single respiration chamber that was 

placed within their permanent housing room. The chamber door was left open for the cats to 

explore and was outfitted as if prepared for temporary space restriction needed for indirect 

calorimetry. 

Weeks 4-6 

 During Weeks 4-6, cats were introduced to the study room. Cats were exposed to the 

study room for 20, 40, and 60 min on Weeks 4, 5, and 6 respectively.  Cats were exposed to the 

study room three times each week, and as such were exposed a total of nine times prior to 

restriction within the chamber. The primary researchers (K.H. and N.G.) were present to offer 

positive reinforcement including talking to, playing with, and petting the cats. 
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Weeks 7 and 8 

 During Weeks 7 and 8, cats were restricted in their individual cages during their morning 

feeding for increasing length of time in order to prepare for increased time restriction within 

indirect calorimetry chambers. Cats also continued to receive weekly study room access. During 

Week 7, cats were restricted in their cages for 2 hrs during feeding at 0800. During Week 8, cats 

were restricted in their cages for 1 hr prior to, and 2 hrs following feeding for a total of 3 hrs 

beginning at 0700. As the cats remained in their home environment, CSS, NOT, and respiratory 

rate were not recorded. 

Weeks 9-13 

 During Week 9, the cats were restricted in the chambers two times each on subsequent 

days for 1 hr/restriction period following morning feeding at 0800. Following restriction, cats 

were allowed free access to the study room, and received positive reinforcement from the 

primary researchers (K.H. and N.G.) as described earlier. For Weeks 10-13, the cats were 

restricted for 5, 10, 15, and 20 hrs respectively, all beginning at 0600. The cats all received 

positive reinforcement upon exiting the chambers, and food was offered to the cats during their 

regularly scheduled feeding time at 0800, when restriction coincided. 

3.3.3 Behavioural Observations 

Stress level is evaluated with CSS, which assigns a rank based on posture and 

behavioural indicators (Table 3.2). The scale ranges from 1 indicating fully relaxed to 7 being 

terrorized; if cats displayed behaviour between levels, a half score was assigned.  During Week 0 

a baseline CSS was established for each cat that included three values collected over a 5-day 

period. During Weeks 1-3 cats were assessed three times per week. From Week 4 onwards cats 
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were assessed at the 10%, 50%, and 80% time points during study room access and confinement. 

These time points were chosen to determine if there is a change in stress level from the 

beginning, to the middle, and to the end of the study room access and chamber confinement. If a 

CSS equal to or above 6 was observed the cat was removed from the chamber. Videos of at least 

10 sec were taken for each CSS observation period which were later scored independently by the 

same two researchers (K.H. and N.G.) and the average was used. The researchers had previously 

become familiar with and practiced scoring, and each researcher did not have access to the 

other’s score until both were submitted. Interobserver reliability statistics were run and no 

differences occurred. 

A NOT was used to determine the latency to approach within 5 cm of a novel object as an 

indicator of fearfulness and stress. Cats were assessed at the 90% time point on the first exposure 

(Day 0) of each week, starting from Week 1. Cats were given 300 sec to approach the object and 

were otherwise classified as a “no approach”. For every NOT a new object was used and was 

dissimilar to objects or toys the cats were previously exposed to. For Weeks 1-6 the object was 

placed in the center of the room. For Weeks 9-13 the object was placed in the front right corner 

of the chamber. 

Respiration was measured visually over a 30 sec window. All measurements were taken 

by the same two primary researchers (K.H. and N.G.) in duplicate, 2 min apart, and the average 

was used. Before the start of acclimation, baseline respiration rates were determined for each cat 

from three values collected over a 5-day period. During the study all measurements were taken at 

the 85% time point. 
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After each daily feeding, any remaining food was weighed and recorded, and daily food 

intake was calculated for each cat. Elimination was not measured but consistent elimination 

behaviour was observed to help indicate low stress levels and successful acclimation.  

3.3.4 Indirect Calorimetry 

Indirect calorimetry chambers were used to determine EE and RQ quantified via 

respiratory gas exchange. Chambers were open-circuit, flow-through design with room air pulled 

into chambers at a rate of 5-8 L/min. Chamber air was dried by columns of Drierite™ (Xenia, 

OH, USA), and similarly again prior to gas analyzers. Calorimetry data were collected using 

Qubit calorimetry software (Qubit C950-MCGES, Qubit Systems Inc., Kingston, ON, Canada). 

Data collection occurred in 5 min periods, every 25 min, and the last 3 min of each data period 

were averaged and used. During Weeks 10-13, cats were fasted overnight and placed into 

chambers the following morning at 0600. Approximately two fasted respiratory gas 

measurements were taken following a 30-min gas equilibration period to determine fasted VCO2 

and VO2. Cats were fed their entire daily ration following the fasted measurements, and indirect 

calorimetry continued as per the weekly acclimation timeline. Recalibration of the CO2 and O2 

analyzers was conducted approximately every 8 hrs, or when a drift of > 5% occurred for the 

reference gases or atmospheric pressure. The abbreviated Weir Equation (Weir, 1949) was used 

to calculate EE. Fasted and fed values of EE and RQ were calculated and compared, however fed 

values were selected to evaluate differences for acclimation purposes. 

3.3.5 Statistical Analysis 

Data were analyzed using the repeated measures ANOVA, PROC MIXED procedure of 

SAS (version 9.3, SAS Institute, Cary, NC, USA) with cat as experimental unit, cat as random 

effect, and week as a fixed effect. Differences in means were determined using Tukey’s multiple 
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comparison. Pearson correlation coefficients, PROC CORR procedure of SAS, was used to test 

for correlation between CSS, NOT, and respiration. An alpha of 0.05 was used to declare 

statistical significance. Data were reported as least-square means ±SEM. 

3.4 Results 

3.4.1 Cat Stress Score 

On Week 0 a baseline CSS was established for each cat (2.5 ± 0.25). During the 

acclimation period, CSS was observed to be greater on Weeks 4, 9 and 10 compared to all other 

weeks, with a mean score of 3, 3.5 and 3.2 respectively (Figure 3.1; P< 0.05). These weeks 

correspond with initial introduction of cats into the study room and the first 2 weeks of 

restriction within the indirect calorimetry chambers. The greatest value in CSS occurred when 

cats were first confined within the chambers during Week 9; this was greater than all other weeks 

(Figure 3.1; P < 0.05), except for Week 10 which was similar. 

The introduction of the chamber into the cat room on Week 1 resulted in no change in 

CSS; the same is true for Weeks 2 and 3 (Figure 3.1; P > 0.05). CSS on Weeks 5 and 6, 

following the first introduction to the study room, were similar to baseline measurements (Figure 

3.1; P > 0.05). From Week 9-13 CSS gradually decreased and were not different from baseline 

on Week 11 onwards (Figure 3.1; P > 0.05). 

From Weeks 9-13, the CSS at the 10% time point was greater than the 80% time point 

(Figure 3.2; P < 0.05). Throughout the acclimation process CSS was significantly lower from the 

10 to 50% and 10 - 80% time points (Figure 3.3; P < 0.05), but not between 50 and 80% (Figure 

3.3; P > 0.05). During the acclimation there was no consistent trend within week (Figure 3.4; P > 

0.05), however overall, Day 4 was lower than Day 1 (Figure 3.5; P < 0.05). 
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3.4.2 Novel Object Test 

The greatest latency to approach the novel object occurred on Weeks 1 (16.5 sec), 4 (18.4 

sec), 9 (30.9 sec) and 10 (31.5 sec), however, only Weeks 9 and 10 were significantly greater 

than all other weeks (Figure 3.6; P < 0.05). From Weeks 1-3 and Weeks 4-6 mean latency to 

approach was similar (Figure 3.6; P > 0.05). The second week of chamber restriction was not 

different from the first (Figure 3.6; P > 0.05), however the latency to approach was significantly 

lower on Week 11 compared to Weeks 9 and 10 (Figure 3.6; P < 0.05). There were no 

differences between Weeks 11-13 (Figure 3.6; P > 0.05). 

Cat 1 and 8 exhibited four and three “no approach” events respectively. Both cat 1 and 8 

did not approach the object on the first day of restriction within the chamber and cat 1 did not 

approach the object until the 3rd week of chamber restriction. In the last 2 weeks of chamber 

restriction all cats approached the novel object. Cats 1 and 8 consistently took longer to approach 

the object, if at all.  

3.4.3 Respiration 

One cat displayed higher than normal respiration rates throughout the trial and was 

therefore removed from analysis. Respiration was higher on Weeks 4 (50 breaths/min), 5 (49 

breaths/min), 6 (46 breaths/min) and 9 (49 breaths/min) (Figure 3.7; P < 0.05) compared to other 

weeks. The introduction of the chamber into the cat room from Weeks 1-3 resulted in no change 

in respiration rate (Figure 3.7; P > 0.05). During study room exposure from Weeks 4-6, 

respiration did not change (Figure 3.7; P > 0.05). After the first chamber restriction on Week 9, 

from Week 10 and onwards, respiration decreased back to baseline (Figure 3.7; P < 0.05). 

Overall there was a decrease in respiration rate between Day 0 and Days 1 and 4 within Weeks 
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1-6 (Figure 3.8; P < 0.05), however, within any specific week this decrease was only observed in 

Weeks 4 and 5 (Figure 3.9; P < 0.05). 

3.4.4 Food Intake 

For the first 8 weeks of acclimation there were no changes in ORTs from the baseline 

(Figure 3.10; P > 0.05). On the first day of chamber confinement orts were greater than at 

baseline and the previous weeks (Figure 3.10; P < 0.05). ORTs remained higher than baseline (P 

< 0.05) until Week 13 where it was similar to baseline (Figure 3.10; P > 0.05).  

3.4.5 Elimination Behaviour 

 All cats exhibited elimination behaviour during the acclimation procedure. During 

restriction of longer time periods such as in Weeks 11, 12, and 13, all cats displayed both urine 

and feces elimination behaviour during temporary restriction in the indirect calorimetry 

chambers.  

3.4.6 Correlation between Cat Stress Score, Novel Object Test and Respiration 

Respiratory rate and CSS were significantly correlated with Pearson correlation r and P 

values of r = 0.22, P = 0.04. The correlation between latency to approach with CSS and 

respiration rate and was not associated with Pearson correlation r and P values of r = 0.11, P = 

0.35 and r = -0.02, P = 0.58 respectively. 

3.4.7 Energy Expenditure 

 Week 9 was not included in analysis as it only consisted of 1 hr of temporary space 

restriction, and there was not enough data collected. Fasted EE could not consistently be 

recorded due to the varying times of restriction and was therefore not analyzed. On Week 10 

mean postprandial EE was greater (Figure 3.11; P < 0.05) compared to Weeks 11, 12, and 13, 

which were similar to each other (P > 0.05). 
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3.4.8 Respiratory Quotient 

 Week 9 was similarly excluded from RQ analyses as cats were only restricted in the 

indirect calorimetry chambers for 1 hr. Likewise, fasted RQ could not consistently be recorded 

due to the varying times of restriction and was therefore not analyzed. There were no differences 

in mean postprandial RQ during Weeks 10, 11 and 12 (P > 0.05), however these were all 

significantly higher than Week 13 (Figure 3.12; P < 0.05). Mean postprandial RQ for Week 13 

had a mean of 0.65, indicating fat oxidation as the primary macronutrient utilized. Mean 

postprandial RQ during Weeks 10, 11, and 12 was 0.71. 

3.5 Discussion 

This study is the first to the authors’ knowledge to observe EE and RQ as result of a step-

up acclimation procedure of cats to indirect calorimetry respiration chambers, as well as observe 

respiration rate, alongside previously observed CSS and NOT during the stepwise acclimation to 

quantify the stress associated with temporary restriction.  

The highest observed mean EE was highest during Week 10 (49.13 ±2.538 kcal/kg 

BW*day). Indeed, the highest observed mean CSS and respiratory rate both occurred on Weeks 

9 and 10, indicating the cats may have been undergoing a stress response that altered their 

observed EE and RQ during these first two rounds of space restriction. Based on EE, cats may be 

considered acclimated by Week 11, as mean EE did not significantly change from this point 

onward and CSS was similar to baseline. A difference of 11.66 kcal/kg BW*day is observed 

between Week 10 and Week 13, and supports our hypothesis that cats experiencing stress will 

likely lead to overestimating energy requirements. The mean EE of these successfully acclimated 

cats at the end of the study was 37.47 ± 2.304 kcal/kg BW*day, which is comparable to some 

indirect calorimetry studies of cats with similar age and BW. When no method of acclimation 
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was used, mean EE was reported to be between 29.6 and 39.4 kcal/kg BW*day for cats with BW 

ranging from 4.7-6.8 kg (Nguyen et al., 2002; Nguyen et al., 2004). However, this study reports 

fasted EE, and cannot be directly compared to the results of this study as fasted data could not be 

appropriately collected until the final week of acclimation. Though this is within range for the 

EE reported in this study, differences within this range are similar to the difference in mean EE 

from Week 10 to 13 of this study and therefore supports the need for acclimation. Other studies 

that failed to acclimate cats to indirect calorimetry respiration chambers reported mean EE 

ranging from 44.0-67.5 kcal/kg BW*day (Tennant 1998; Leray et al., 2006; Peachey et al., 1999; 

Aub et al., 1922; Fettman et al., 1997). This wide range of reported mean EE may indicate 

differences due to individual stress response and suggests the need for cats’ acclimation to 

indirect calorimetry respiration chambers. Furthermore, studies where acclimation included only 

a few days of exposure reported a similar range in mean EE as those with no acclimation, 

indicating this acclimation was not enough to reduce the stress response (Center et al., 2012; 

Green et al., 2008; Lester et al., 1999; Villaverde et al., 2008). Mean RQ was also highest during 

Week 10 (0.7128 ± 0.0072). Based on RQ, cats were not fully acclimated until Week 13, where 

their mean was RQ significantly lower (0.6543 ± 0.0072) compared to Weeks 10-12. Mean RQ 

indicated primarily fat oxidation throughout the entire weeks of space restriction and did not 

increase to numerically indicate CHO oxidation as could be indicative of a stress response. This 

may be due to a number of reasons; for one, the cats in the current study were fed once per day, 

allowing only one insulin response. Cats are also innately insulin resistant, and so do not use 

glucose when stressed as omnivores would. Furthermore, cats are evolutionarily adapted for fat 

oxidation due to their carnivorous nature and may maintain RQ that trends toward fat oxidation 

even with higher levels of carbohydrates (Goooding et al., 2012; Tanaka et al., 2005). The diet 
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fed in this study was of average macronutrient split and was not considered high protein or high 

fat that would alter RQ. Still, the increase observed does indicate a change in macronutrient 

oxidation associated with increased CSS. Studies that provided little to no acclimation of indirect 

calorimetry respiration chambers with cats of similar age, BW, and macronutrient intake 

observed RQs ranging from 0.8-0.85 (Tennant 1998; Villaverde et al., 2008; Green et al., 2008; 

Center et al., 2011). These studies may have observed higher RQs due to the stress response but 

may also be due to feeding regimen. Food intake in these studies were either described as ad 

libitum, or as multiple meals, which may result in different EE and RQ. Furthermore, RQ has 

been shown to increase alongside CHO exposure, and decrease with a lower CHO, higher fat diet 

(Gooding et al., 2012b; Lester et al., 1999). These, coupled with the potential stress response, is 

likely why RQ was higher in these studies compared to the current study. Despite this, RQ was 

still observed to be significantly lowered by the end of acclimation, demonstrating the need for 

an acclimation procedure for cats to indirect calorimetry temporary restriction in order to 

accurately measure macronutrient utilization.  

This study yielded similar results as a previous study which used younger cats (Gooding 

et al., 2012a). Both studies used the same acclimation approach and saw increases in CSS and 

NOT on weeks cats were presented with a novel stimulus. CSS values were similar between the 

two studies while latency to approach a novel object was much longer in this study (>30 sec vs. 

<7 sec) and may be attributed to the age of the cats or previous experience, as these were all 

rescue cats. The longer latency to approach times may be related to differences in play and 

curiosity between kittens and young adults. The youngest cat in this study had very similar 

values to that of the young cats used by Gooding et al. (2012a). This is contrary to what Kessler 

and Turner (1997) found in a cattery-based study where age of the cat did not influence stress 
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level. However, as these were a research cohort of purpose bred cats, they were likely raised in a 

different environment from pet cats and as such exposed to more novel stimuli and may react 

less as a result to stressful situations. Furthermore, only stress level was observed, and may not 

be able to predict age differences on play motivation in low or no stress situations. 

The most differences were observed in NOT during Weeks 1, 4, 9, and 10. This was 

expected as these were the first weeks for chamber exposure, study room exposure and the first 2 

weeks of confinement. The mean latency to approach during these weeks were higher than other 

weeks but only Weeks 9 and 10 were statistically significant indicating they were the most 

stressful. Animals respond to events on an individual level, and so can be classified as 

responders and non-responders (Dube et al., 2012). For example, an animal may respond to 

familiar and unfamiliar events in a similar manner. This is indicative of their coping mechanisms 

and varies from animal to animal. The increase in mean latency to approach seen in Weeks 1 and 

4 may be attributed to cats 1, 3 and 7 being responders. The greater latency to approach in these 

cats inflated the mean despite most cats being non-responders, approaching the object relatively 

quickly.  Most of the cats approached the object in a similar time to that of previous weeks. 

There was consistent variation in respiration except during the first 2 weeks of chamber 

restriction, indicating this a more stressful event. Similar to the latency to approach, most of the 

cats were non-responders with respiration rates similar to that of their baseline. Cats 4 and 8 

however were responders and exhibited respiration rates much greater than their baseline. 

Overall, the behavioural variability seen between cats can be attributed to factors such as 

differences in genetics, maternal care and previous experience (Rochlitz, 2000).  

The introduction of the calorimetry chambers into the cat room during Weeks 1-3 most 

likely had no effect because it was placed in a familiar environment and cats could explore it 
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when comfortable and with no external pressure. This differs from the study room exposure as 

the majority of the environment was novel apart from the calorimetry chambers and primary 

researchers. Most cats used this time to actively explore, and seldom to hide. The cats who can 

be described as timid spent greater time with the researchers and less time exploring. Dogs are 

much more recognized as social animals than cats, as they are pack hunters and evolutionary 

evolved with well developed communication (Dube and Zilch, 2012). However, pet cats, through 

domestication, appear to have developed more social skills, and by becoming accustomed to 

human interaction will rely on this familiarity in a stressful situation (Amat et al., 2016). Cat-

human relationship has a large impact on this, and so a stressed or nervous cat is more likely to 

spend time with a familiar human, if they have a positive bond (Amat et al., 2016). By the 

second week of study room exposure, CSS and NOT values were significantly less and similar to 

baseline. Respiration did not significantly decrease over this phase of acclimation. This may be 

due to the excitement of playing and exploring and not as an indicator of stress. The goal of this 

acclimation procedure in terms of welfare is to reduce the stress associated with confinement 

within the chambers. By introducing cats to the study room and chambers before confinement, 

the stress response of the first temporary restriction event is minimized (Gooding et al., 2012a). 

This is further supported as the study by Gooding et al. (2012a) compared acclimated cats to 

those without any acclimation, wherein three of the 10 unacclimated cats needed to be removed 

from the indirect calorimetry chambers due to a high CSS, indicating greatly reduced welfare.  

On day 0 at the 80% time point, CSS throughout the acclimation process was found to be 

significantly correlated with respiration. Latency to approach however had no significant 

correlation with either CSS or respiration. This agrees with Gooding et al. (2012a) where CSS 

was also not correlated with latency to approach. CSS has been previously validated as an 
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accurate measure of stress in cats and may suggest that respiratory rate may be used as an 

accurate indicator of stress. The lack of significant correlation with latency to approach may be 

due to the external factors affecting the variability of the test itself. When the object is placed in 

the center of the room rather than the front of the chamber there is a greater distance the cat must 

travel which will increase the latency to approach especially for cats that chose to walk rather 

than run. When the object is placed in the center of the room there are also more distractions, 

especially during the first introduction to the study room where the whole environment is novel. 

Weeks 7 and 8 involved increasing the times cats were confined, but in a familiar 

environment. Since these weeks were conducted in the individual cages the cats were normally 

fed in, they were observed to be very excitable in anticipation for food. This made it difficult to 

collect accurate data, and therefore no significant observations could be made as to whether this 

improved temporary restriction acclimation. In a subsequent study, the same cats were brought to 

the study room to be fed in the indirect calorimetry chambers multiple times a day and were 

observed to have a notably increased positive association with the chambers. Regular feeding 

within the calorimetry chambers should therefore be incorporated into future indirect calorimetry 

acclimation protocols. 

During acclimation to chamber restriction (Weeks 9-13), CSS was highest at the 10% 

time point and decreased significantly by the 50% time point, indicating that that cats may need a 

minor secondary acclimation within this new environment before collection begins. There may 

be a time of adjustment when placed in a new environment that must occur even when cats have 

been familiarized with said environment. This should take place before any collection begins, in 

order to reduce the potential effects of stress. On day 4, CSS was also lower than day 1, 

indicating multiple exposures are necessary within the week to week step up acclimation. 
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Latency to approach in the NOT also indicates stress was higher during the first few weeks of 

acclimation to temporary restriction, as Weeks 9 and 10 were the greatest observations and 

statistically greater from baseline. Restriction within calorimetry chambers was also shown to 

significantly increase food refusals. This was expected as food intake is inhibited when subjected 

to stress (Mugford & Thorne, 1980).  

This study’s observations were similar to younger cats used in a study by Gooding et al. 

(2012a), and so the cats in the current study, and therefore older cats in general, do not require 

more time to acclimate to temporary restriction in respiration chambers. Based upon CSS, NOT, 

and respiration all cats successfully acclimated to the calorimetry chambers. Due to this, the 

values of EE and RQ at the end of the study could be assumed to be an accurate representation of 

baseline measurements.

3.6 Conclusion 

This 13-week acclimation procedure led to successful acclimation of young adult cats (2.5 

years ± 1.5) to respiration chambers and the associated study environment. This procedure may 

be used in the future to train cats for indirect calorimetry studies and is anticipated to have a high 

success rate. Young adult cats do not appear to require more time to acclimate to calorimetry 

chambers than young cats (10 mo ± 2), however it may be beneficial to increase the length of 

acclimation based on an individual cat response. Results from this study are consistent with 

previous findings; however, this study is the first to find that EE and RQ are associated with the 

stress response involved in unacclimated temporary restriction. Acclimation of cats to temporary 

restriction in indirect calorimetry chambers is necessary in order to minimize stress and optimize 

welfare as well as obtain accurate data as it relates to feline nutrition. Overall, acclimation of cats 
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to indirect calorimetry chamber temporary restriction is necessary in order to minimize stress and 

obtain accurate data on REE of cats, as well as provide correct understanding of macronutrient 

metabolism allowing for the better formulation of diet ingredients, supplements, and guaranteed 

analysis in both clinical and research settings.
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3.7 Appendix

 

Table 3.1 Nutrient composition of diet fed to 8 cats undergoing acclimation protocol 

Nutrient Analysis 

Crude Protein Min. 31.0% 

Crude Fat Min. 14.0% 

Crude Fiber Max. 4.0% 

Moisture Max. 10.0% 

Guaranteed analysis provided by Nutram 

Ingredients: Chicken Meal, Brown Rice, Rice, Pearled Barley, Salmon Meal, Chicken Fat (preserved with Mixed 

Tocopherols), Whole Eggs, Flaxseed, Natural Chicken Flavor, Dried Beet Pulp, Salmon Oil, Potassium Chloride, 

Choline Chloride, Dried Cranberries, Chicory Root Extract, Taurine, DL-Methionine, Vitamins & Minerals 

(Vitamin E Supplement, Niacin (source of Vitamin B3), Vitamin A Supplement, Thiamine Mononitrate (source of 

Vitamin B1), d-Calcium Pantothenate (source of Vitamin B5), Pyridoxine Hydrochloride (source of Vitamin B6), 

Riboflavin (source of Vitamin B2), Beta-Carotene, Vitamin D3 Supplement, Folic Acid, Biotin, Vitamin B12 

Supplement, Zinc Proteinate, Ferrous Sulfate, Zinc Oxide, Iron Proteinate, Copper Sulfate, Copper Proteinate, 

Manganese Proteinate, Manganous Oxide, Calcium Iodate, Sodium Selenite), Yucca schidigera Extract, Spinach, 

Celery Seeds, Peppermint, Chamomile, Turmeric, Ginger, Rosemary
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Table 3.2 Seven level Cat Stress Score chart adapted from Kessler and Turner (1997). 

 

Score Body Belly Legs Tail Head Eyes Pupils Ears Whiskers Vocalization Activity 

1  

Fully 

relaxed 

Laid out on 

side or back 

Exposed, 

slow 

ventilation 

Fully 

extended 

Extended 

or loosely 

wrapped 

Laid on 

surface 

Closed or half 

open, may be 

blinking 

slowly 

Normal  Half back Lateral None  Sleeping or 

resting 

2  

Weakly 

relaxed 

Laid ventral 

or half on 

side or 

sitting; 

standing or 

moving, 

back 

horizontal 

Exposed or 

not, slow or 

normal 

ventilation 

Bent, hind 

legs may 

be laid out; 

extended if 

standing 

Extended 

or loosely 

wrapped; 

up or 

loosely 

downward 

Laid on 

surface or 

over body, 

some 

movement 

Closed, half 

opened, or 

normal opened 

Normal Half back 

or erect to 

front 

Lateral or 

forward 

None Sleeping, 

resting, alert 

or active, 

may be 

playing 

3  

Weakly 

Tense 

Laid ventral 

or sitting; 

standing or 

moving, 

back 

horizontal 

Not 

exposed, 

normal 

ventilation 

Bent; 

extended if 

standing 

On the 

body or 

curved 

backwards; 

up or tense 

downward, 

may be 

twitching 

Over the 

body, 

some 

movement 

Normal 

opened 

Normal Half back 

or erect to 

front or 

back 

Lateral or 

forward 

None or 

meow 

Resting, 

alert, or 

actively 

exploring 

4  

Very 

tense 

Laid ventral 

or sitting; 

standing or 

moving, 

body behind 

lower than 

front 

Not 

exposed, 

normal 

ventilation 

Bent; hind 

legs bent 

and front 

extended if 

standing 

Close to 

body; 

tense 

downward 

or curled 

forward, 

may be 

twitching 

Over the 

body or 

pressed to 

body, little 

or no 

movement 

Widely 

opened or 

pressed 

together 

Normal 

or 

partially 

dilated 

Erected to 

front or 

back 

Lateral or 

forward 

None or 

meow or 

plaintive 

meow 

Resting or 

alert, may be 

actively 

exploring or 

trying to 

escape 
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5  

Fearful, 

stiff 

Laid ventral 

or sitting; 

standing or 

moving, 

body behind 

lower than 

front 

Not 

exposed, 

normal or 

fast 

ventilation 

Bent, near 

surface 

Close to 

body, may 

be curled 

forward 

On the 

plane of 

the body, 

little or no 

movement 

Widely 

opened 

Dilated Partially 

flattened 

Lateral, 

forward or 

back 

Plaintive 

meow, 

yowling, 

growling or 

quiet 

Alert, may 

be actively 

trying to 

escape 

6  

Very 

fearful 

Laid ventral 

or crouched 

directly on 

top of all 

paws; 

whole body 

near 

ground, 

may be 

shaking 

Not 

exposed, 

fast 

ventilation 

Bent, near 

surface 

Close to 

body, may 

be curled 

forward 

Near 

surface, 

motionless 

Fully opened Fully 

dilated 

Fully 

flattened 

Back Plaintive 

meow, 

yowling, 

growling or 

quiet 

Alert, 

motionless 

or actively 

prowling 

7  

Terrified 

Crouched 

directly on 

top of all 

paws, 

shaking 

Not 

exposed, 

fast 

ventilation 

Bent  Close to 

body 

Lower 

than body, 

motionless 

Fully opened Fully 

dilated 

Fully 

flattened 

Back Plaintive 

meow, 

yowling, 

growling or 

quiet 

Alert, 

motionless 
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Figure 3.1 Least square means (± SEM) of Cat-Stress-Score of eight cats undergoing 

acclimation to indirect calorimetry equipment and associated environment. a-f means with no 

common superscript differ (P < 0.05). 
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Figure 3.2 Least square means (± SEM) of Cat-Stress-Score of eight cats undergoing 

acclimation to indirect calorimetry equipment and associated environment on Day 1 of each 

week of the acclimation procedure at the 10%, 50%, and 80% time points. Weeks 0-3 compared 

to each other, Weeks 4-13 compare days within week. a-b means with no common superscript 

differ (P < 0.05). 
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Figure 3.3 Least square means (± SEM) of Cat-Stress-Score of eight cats undergoing acclimation to 

indirect calorimetry equipment and associated environment at the 10%, 50%, and 80% time points over 

the acclimation procedure. a-b means with no common superscript differ (P < 0.05). 
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Figure 3.4 Least square means (± SEM) of Cat-Stress-Score of eight cats undergoing 

acclimation to indirect calorimetry equipment and associated environment on each sampling day 

within a particular week. Days compared within week, a-b means with no common superscript 

differ (P < 0.05). 
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Figure 3.5 Least square means (± SEM) of Cat-Stress-Score of eight cats undergoing 

acclimation to indirect calorimetry equipment and associated environment on each sampling day 

over the acclimation procedure. a-b means with no common superscript differ (P < 0.05). 
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Figure 3.6 Least square means (± SEM) of latency to approach in seconds to the novel object 

within a 5-cm radius of eight cats undergoing acclimation to indirect calorimetry equipment and 

associated environment. a-b means with no common superscript differ (P < 0.05) in comparison 

across week. 
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Figure 3.7 Least square means (± SEM) of respiration in breaths per minute of eight cats 

undergoing acclimation to indirect calorimetry equipment and associated environment. a-d 

means with no common superscript differ (P < 0.05) in comparison across week. 
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Figure 3.8 Least square means (± SEM) of respiration in breaths per minute of eight cats 

undergoing acclimation to indirect calorimetry equipment and associated environment on each 

sampling day over Weeks 1-6. a-b means with no common superscript differ (P < 0.05). 
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Figure 3.9 Least square means (± SEM) of respiration in breaths per minute of eight cats 

undergoing acclimation to indirect calorimetry equipment and associated environment on each 

sampling day within a particular week. a-b means with no common superscript differ (P < 0.05) 

for days within week. 
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Figure 3.10 Least square means (± SEM) of weekly food refusals (ORTs) in grams of eight cats 

undergoing acclimation to indirect calorimetry equipment and associated environment. a-d 

means with no common superscript differ (P < 0.05) across weeks. 

cd

d
d

cd

bcd

d

cd cd cd

ab

a a

ab

abc

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

16.00

0 1 2 3 4 5 6 7 8 9 10 11 12 13

O
R

T
s 

 (
g
)

Week of Acclimation

Introduction to 

Study Room

Chamber

Restriction



67 
 

 

 

 

 

Figure 3.11 Least square means (± SEM) of total postprandial EE (kcal/kg) of eight cats by 

acclimation week of increasing restriction time. a-b means with no common superscript differ (P 

< 0.05). 
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Figure 3.12 Least square means (± SEM) of total postprandial RQ of eight cats by acclimation 

week of increasing restriction time. a-b means with no common superscript differ (P < 0.05). 
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Chapter 4: Raw and encapsulated policosanol effect of supplementation is similar to a 

positive and negative control on lipid profile, blood biochemistry, voluntary physical 

activity, energy expenditure, and macronutrient metabolism in healthy adult domestic cats1 

4.1 Abstract 

The most prevalent nutritional concern for domestic cats is obesity, which often results in more serious 

diseases such as diabetes mellitus and hepatic lipidosis. Overfeeding and inactivity are linked to weight gain - 

specifically an increase in body fat - which is associated with an increase in circulating lipids that could lead to these 

adverse health outcomes. Policosanol is a mixture of naturally derived long-chain aliphatic alcohols that may reduce 

total cholesterol and improve overall lipid profile based on previous research in animal and human models but has 

never been supplemented to domestic cats. The objective of this study was to verify safety of policosanol 

supplementation to domestic cats and determine whether dietary supplementation of raw policosanol (+RP; 10 

mg/kg BW), encapsulated policosanol (+POLI; 50 mg/kg BW), or L-carnitine (positive control, +LC; 200 mg/kg 

BW) would reduce circulating lipids in both lean and overweight healthy domestic cats when compared to a placebo 

(negative control; CON). The study was a replicated 4 x 4 complete Latin square design that used 8 young adult cats 

(4 neutered males, 4 spayed females; 3 ± 1 years; 4.36 ± 1.08 kg; BCS 5.4 ± 1.4). Cats were blocked by gender and 

BW into four groups of two and randomly received all test diets (CON, +LC, +POLI, and +RP) based on historical 

feeding records to maintain body weight (BW) for 28-d periods with a 1-week washout between periods. Food was 

distributed equally in two offerings to ensure complete consumption of supplements (first offering) and to measure 

consumption time (second offering). Both EE and RQ were assessed using indirect calorimetry conducted on d0 

(baseline), d14 (midpoint), and d28 (end), with fasted jugular blood samples collected following calorimetry to 

assess lipid profile, complete blood count, and serum biochemistry. Voluntary physical activity was assessed using 

Actical monitors worn 7 days prior to all indirect calorimetry and blood collection. Data were analyzed with SAS 

using repeated measures mixed model, with significance at P < 0.05 and a trend at P < 0.10. Food intake and BW 

were similar among all treatments throughout the study. Time to consume second meal was greater in cats fed +RP 

than all other diets (P < 0.05). There was no effect of dietary treatment on lipid profile, blood biochemistry, 

voluntary physical activity, EE, or RQ (P > 0.05). These results suggest policosanol is safe for feline consumption, 

by both the lean and overweight population. Further research is required to determine whether policosanol would 
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elicit positive effects on the primary outcomes of this study, either through a direct comparison to a negative control, 

an increase in washout period to mitigate potential carryover effects, utilizing only obese cats and/or those with 

above average lipid profiles, or a combination of these.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 A version of this manuscript will be submitted to a scientific journal (Authors: K. Hogan, A. Camara, L. Robinson, 

A. Verbrugghe, and A.K. Shoveller) 
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4.2 Introduction 

A reported 60% of cats in the United States of America were clinically overweight or obese 

in 2017 – a number that has been increasing every year for the past 5 years (Ward, 2018). 

Overweight and obesity account for the most prevalent nutritional problems in domestic cats, and 

often result in more serious diseases such as type 2 diabetes mellitus and hepatic lipidosis 

(Kopelman, 2000). Overfeeding and inactivity are thought to be the primary contributors to weight 

gain, which is commonly characterized by a greater level of circulating lipids (dyslipidemia), such 

as triglycerides (TG) and total cholesterol (TC) thought to be due to the increased amount of body 

fat (Blanchard et al., 2002). While overweight cats had reduced physical activity in contrast to 

their lean counterparts (de Godoy and Shoveller, 2017), overweight, but not lean cats, that 

consume supplemental L-carnitine had significantly greater EE and physical activity as well as 

lower RQ (Center et al., 2012; Shoveller et al., 2014). Moreover, dietary L-carnitine may reduce 

weight gain in cats fed over their energy requirements (Gooding et al., 2017). While L-carnitine is 

a popular supplement in the cat food industry for weight loss and maintenance, it has not been 

found to have any direct effects of decreasing risk of dyslipidemia in cats (Center et al., 2000) 

likely as it only increases transport of fatty acids for energy use and does affect serum lipid 

synthesis or degradation directly.  

Policosanol – a common derivative of sugarcane or beeswax – is a mixture of higher 

aliphatic alcohols, predominantly octacosanol. Both animal and human models have been used to 

investigate the effects of octacosanol to reduce TC, as well as improve lipid profile by decreasing 

low-density lipoprotein (LDL-C) and increasing high-density lipoprotein (HDL-C) cholesterol 

(Pons et al. 1994; Rodriguez-Echenique et al. 1994; Menendez et al. 1997; Castano et al. 2001; 

Gouni-Berthold and Berthold 2002). Policosanol has been found to lower serum cholesterol in pigs 
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(Cruz-Bustillo et al. 1991), rabbits (Menendez et al. 1997), rats (Menendez et al. 1996), and 

humans (Gouni-Berthold and Berthold, 2002).  An improvement in lipid profile has been observed 

in patients with type II hypercholesterolemia (Pons et al 1994; Menendez et al. 1997) and 

dyslipidemia associated with non-insulin dependent (type 2) diabetes mellitus (Castano et al. 2001) 

but has also been noted in healthy subjects (Gouni-Berthold and Berthold 2002). Moreover, 

octacosanol has been found to increase voluntary physical activity in rats, due to its storage in the 

muscle for future use (Kabir & Kimura, 1994). The current dose range for humans is 5-20 mg/day, 

with no differences observed between a dose of 20 and 40 mg/day (Castano et al. 2001). When 

compared to conventional lipid lowering drugs such as lovastatin and pravastatin, policosanol 

improved lipid profile to the same or greater degree. As well, policosanol supplementation found 

no adverse hepatic effects and even reduced liver damage by lowering gamma-glutamyl 

transferase and alanine aminotransferase (Janikula 2002). However, while there is an abundance 

of research supporting the benefits of policosanol, most of this research was performed by the 

research group that first developed the supplement. Most external research has been unable to 

confirm the cholesterol-lowering effects of policosanol in both animals (Murphy et al., 2004; 

Kassis et al., 2007) and humans (Berthold et al., 2006; Francini-Pesenti et al., 2006), though these 

studies did not use a product that was derived from sugarcane, prepared using the same protocol, 

or of the same composition. Furthermore, while some policosanol products are patented and 

include formulation process and development, many studies do not describe the type of product 

used. There may therefore be a bioavailability component associated with previous research that 

is contributed to these contradictory results. 

The potential toxicity of policosanol has also been well studied, with no adverse effects of 

dosages up to 20 mg/d observed in rats, rabbits, beagles, and monkeys (Mesa et al. 1994; 
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Rodriguez-Echenique et al. 1994; Rodriguez and Garcia 1994; Menendez et al, 1997; Gamez et al. 

2001). However, there are no current studies evaluating policosanol’s effect on obligate carnivores 

such as the domestic cat, whose lipid metabolism differs from herbivores and omnivores 

(Montague et al., 2014). The high tolerability and low incidence rate of adverse events make 

policosanol a promising potential alternative to the current dietary supplement L-carnitine, or 

synergetic inclusion. Should policosanol behave similarly to L-carnitine, it would be a welcome 

addition to nutritional tools available for weight management in cats and could be used 

alternatively or in addition to existing nutritional technologies. Last, due to its derivation from 

plant-based ingredients, policosanol would potentially be better received by pet owners as a dietary 

supplement, especially those trying to reduce their dependency on animal-based ingredients. The 

objective of this study was therefore to investigate the effects of raw and encapsulated policosanol 

in contrast to a positive (L-carnitine) and negative (placebo) control on complete blood count, 

biochemistry, EE, RQ, and voluntary physical activity. We hypothesize that both forms of 

policosanol will be safe for feline consumption, causing no negative effects on complete blood 

count and serum biochemistry. We also hypothesize that encapsulated policosanol will lower TC, 

LDL-C, and TG, while increasing HDL-C in comparison to all other treatments. Encapsulated 

policosanol is also expected to increase fat oxidation and as a result, will increase EE, lower RQ, 

and in turn increase voluntary physical activity. Furthermore, we hypothesize that the encapsulated 

compound will have results greater than raw policosanol and L-carnitine in regards to lowering 

TC, LDL-C, and TG as well as increasing HDL-C, which will all be similar to the placebo for the 

+RP and +LC groups. The overall absorption of policosanol is low, and its bioavailability not fully 

understood, but its effects are substantial and therefore make its investigation as a lipid lowering 

agent appealing. 
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4.3 Materials and Methods 

All procedures were reviewed and approved by the University of Guelph’s Animal Care 

Committee (AUP #4015) and followed the University of Guelph Animal Care Policy and Procedures in 

accordance with the Animals for Research Act and Canadian Council on Animal Care. Standard 

veterinarian evaluation of health was completed prior to and during the study, and all cats were 

deemed healthy upon entering and throughout. 

4.3.1 Animals and Housing 

Eight domestic short (n = 6) and long hair (n = 2) cats (4 neutered males, 4 spayed 

females) aged 3 ± 1 years were used from Chapter 3. Mean body weight (BW) at the start of the 

study was 4.36 ± 1.08 kg. Body condition score (BCS) ranged from 4-8 on a 9-point scale (mean 

5.4 ± 1.4), representing both lean (n=3) and overweight (n=5) cats. Cats were weighed with a 

scale and body condition scored visually using the 9-point system (AAHA, 2010) weekly 

throughout the study by the primary researcher. Cats resided in the Animal Biosciences Building 

at the University of Guelph (Guelph, ON, Canada). All cats were housed in an indoor free-living 

environment, except for during calorimetry measurements and morning feeding. The room was 

furnished with environmental enrichment including perches, beds, toys, toy houses, scratching 

posts, a multi-level cat tree, and various climbing apparatus. A light cycle of 12:12h starting at 

0700 was implemented and cats had daily social interaction with previously familiarized humans 

for a maximum of 2 hours each day. Socialization included human petting, grooming, and 

playing with restricted access toys. The room temperature was maintained at 22°C (±1.5°C) and 

a relative humidity of 40-70%. The room was also swept clean and disinfected daily with diluted 

vinegar solution for surfaces and diluted bleach for floors. Litterboxes were scooped daily and 

disinfected weekly with diluted vinegar solution. 
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4.3.2 Diets 

A 4x4 complete Latin square design was used in which all cats received all four test diets 

for 28-d periods. The four test diets were as follows: +RP included raw policosanol at 10 mg/kg 

BW, +POLI included encapsulated policosanol at 50 mg/kg BW, +LC included L-carnitine 

(carnitine tartrate) at 200 mg/kg BW and CON was the base diet without supplementation. A 1-

week washout period was used in between each period. Cats were fed I19 Nutram Ideal Solution 

Support® Skin, Coat and Stomach Cat Food (Elmira, ON, Canada; Table 4.1). Prior to the study, 

cats were fed ad libitum for 4 weeks to promote weight gain and then 2 weeks to ensure weight 

maintenance was achieved. During the study, cats were fed once daily at 0800. Cats were fed 

individually in cat condos (91.5 H x 60 W x 128 H cm). The caloric provision for each cat was 

based on historical BW and feeding records. Cats were first fed half their daily ration top dressed 

with each respective supplement when applicable and soaked with approximately 10mL of 

distilled water to ensure homogeneity and complete consumption of the test diets. Once finished, 

the cats were fed their remaining amount of food dry and were timed with a stopwatch to record 

any additional data on diet acceptability and satiety. Cats were allowed 1h to consume their food 

and any uneaten food was removed, weighed, and recorded. Distilled water was provided ad 

libitum from 3 large water dishes placed throughout the room and changed daily. Any health 

changes or adverse events were noted and recorded.  

4.3.3 Indirect Calorimetry 

Indirect calorimetry was performed on day 0 (baseline), 14 (midpoint), and 28 (end of 

study period). Cats were considered successfully acclimated to the indirect calorimetry chambers 

according to the 11-week acclimation procedure by Gooding et al. (2012), which was performed 

in Chapter 3. Cats were placed in the chambers at approximately 0600, fed in the chambers at 
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0800, and housed for approximately 23 hours total. Chambers were open-circuit, flow-through 

design with air pulled into chambers at a rate of 5-8 L/min dependent on each individual cat. 

Chamber air was dried using Drierite™ (Xenia, OH, USA), and similarly again prior to gas 

analyzers. Calorimetry data were collected using Qubit calorimetry software (Qubit C950-

MCGES, Qubit Systems Inc., Kingston, ON, Canada). Data collection occurred in 5 min periods, 

every 25 min, and the last 3 min of each data period were averaged and used to calculate EE and 

RQ. This resulted in approximately 2-4 fasted readings before feeding, and a full collection of 

the postprandial state with a return to fast. The postprandial state was considered to be the 12 

hours of readings following feeding. O2 and CO2 concentrations were measured with O2 and CO2 

analyzers, and the rate of O2 consumed and CO2 produced was calculated. Recalibration of the 

CO2 and O2 analyzers was conducted before data collection began and approximately every 8 

hours, or when a drift of > 5% occurred for the reference gases and atmospheric pressure. The 

abbreviated Weir equation was used to calculate EE (Weir, 1949) and RQ was calculated using 

the ratio of CO2 production to O2 consumption. Chambers were disinfected after every use, and 

litter, litterboxes, toys, blankets and beds were removed and cleaned.  

4.3.4 Blood Collection 

Fasted (22 hr post meal) blood samples (5 mL/cat) were collected before the morning 

feeding (0700) via jugular venipuncture into vacutainers (Fisher Scientific, Ottawa, ON) 

following calorimetry on day 0 (baseline), 14 (midpoint), and 28 (end of study period). Samples 

were immediately submitted to Animal Health Laboratory (Guelph, ON, Canada) for analysis as 

whole blood (complete blood count), and as serum (feline biochemistry) that was centrifuged for 

10 min at 2000rpm. Biochemical components (Ca, P, Mg, Na, K, Cl, CO2, anion gap, Na:K ratio, 

total protein, albumin, globulin, A:G ratio, urea, creatinine, glucose, cholesterol, bilirubin, ALP, 
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GGT, ALT, CK, amylase, lipase & osmolality), triglycerides and HDL were measured using the 

Roche Cobas 6000 c501 analyzer (UV/visible spectrometry; Roche, Germany) and LDL-C was 

quantified by subtraction of HDL from TC. Hematological indices (WBC, RBC, Hb, HCT, 

MCV, MCH, MCHC, RDW, platelets, MPV, TS protein, neutrophils, lymphocytes, monocytes, 

& eosinophils) were measured using the Siemens Advia 2120 hematology analyzer (Malvern, 

PA). Fatty acid profiles were measured by gas chromatography and mass spectrometry (GC-MS) 

at Lipid Analytical Laboratories (Guelph, ON). 

4.3.5 Activity Measurement 

The physical activity of the cats was measured using ActiCal®, a previously validated 

(Andrews et al., 2015) activity monitor using an omni-directional accelerometer (Amsterdam, 

Netherlands). The monitors were attached to harnesses placed on the cats parallel to the ribs 7 

days prior to indirect calorimetry and blood data collection. All cats were previously acclimated 

to these harnesses. After this time, harnesses were removed, and data were downloaded and 

analyzed as average activity counts. Baseline (d -7–0), midpoint (d 7–14), and end of study (d 

21–28) values were recorded to determine any changes in voluntary physical activity throughout 

each period. Total average, total average light, total average dark, week average, week average 

light, week average dark, weekend average, weekend average light and weekend average dark 

were all analyzed. 

4.3.6 Statistics 

All data were analyzed using a repeated measures mixed model (version 9.3; SAS 

Institute, Inc.) and are expressed as means and pooled standard errors. Treatment, period, time, 

and treatment x time interaction were considered fixed effects. If a fixed effect was not 

significant, it was removed from the model. Individual cat was considered a random effect. 
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Repeated measures analyzed within period were day. When treatment or treatment x time 

interaction was significant, means were separated using pdiff. Results were considered 

statistically significant at P < 0.05 or a trend at P < 0.10. 

4.4 Results 

4.4.1 Body Weight and Food Intake 

All cats remained healthy throughout the study. There were no changes in BW 

observed throughout the study, and there was no effect of dietary treatment, day or period on BW 

(P =0.9969; Figure 4.1). There was no difference in BCS among treatment groups and did not 

change throughout the study (P > 0.10, data not shown). There was no effect of dietary 

treatment, day or period on food intake (P = 0.8900, data not shown). Time to consume second 

food allotment was not significant among periods or days (P > 0.10) but was significant among 

treatments (P = 0.0008), with cats consuming the +RP diet taking a significantly greater time 

than cats consuming the CON, +LC or +POLI diets (Figure 4.2). 

4.4.2 Indirect Calorimetry 

There was no effect of dietary treatment, day or period on EE (kcal/kg*d) in the fasted or 

postprandial state (P > 0.10; Table 4.7). There was no effect of dietary treatment, day or period 

for fasted or postprandial RQ (P > 0.10; Table 4.7). Food intake on calorimetry days was similar 

among dietary treatments, day, and period (P > 0.10, data not shown).  

4.4.3 Lipid Profile and Blood Parameters 

There was no effect of dietary treatment, day or period on lipid profile among dietary 

treatment groups (P > 0.10; Table 4.2). There were no differences in percentage change in TC, 

HDL-C, LDL-C, and TG from d0 to d14 and d0 to d28 among treatment groups (P > 0.10; 
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Figure 4.2). There were no differences in complete blood count or biochemistry profile at d0, 

d14, or d28 (P > 0.10) among dietary treatments, therefore pooled means are reported (Table 4.3; 

Table 4.4). A few blood parameters (MCV, MCH, MCHC, RDW, Ca, P, K, and urea) were 

significantly different with respect to period (P < 0.10); however absolute changes were small, 

and values remained within reference range (Table 4.5). 

4.4.4 Voluntary Physical Activity 

There was no effect of dietary treatment, day or period on average total activity, average 

light activity, or average dark activity (P > 0.10; Table 4.6). Average total week, week light, 

week dark, total weekend, weekend light, and weekend dark were all similar among dietary 

treatment groups, days and periods (P > 0.10; Table 4.6). 

4.5 Discussion  

Results of this study demonstrate for the first time that both raw and encapsulated 

policosanol are well tolerated and safely consumed by domestic cats at the dosage given and for 

the length of supplementation in the current study. Complete blood counts and serum 

biochemistry profiles did not differ among dietary treatments, indicating that all supplements 

were safely accepted by domestic cats. In agreement with this, studies conducted in rats, rabbits, 

dogs and monkeys have reported no adverse metabolic effects with acute and chronic 

supplementation of policosanol (Aleman et al., 1994; Gamez et al., 2001; Menendez et al., 1997; 

Mesa et al., 1996; Rodriguez et al., 1994), even at concentrations as high as 5000 mg/kg 

BW/day.  

No cat refused consumption of any supplemented diet, suggesting adequate compliance 

with all treatments. Changes in BW and BCS were not observed as cats in this study were being 
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fed to historical energy requirements to maintain BW, no significant changes in activity 

occurred, and treatment periods were relatively short term. Time to consume the second offering 

of food was significantly greater in +RP when compared to all other treatments. As there was no 

change in orts with +RP, this is likely not a result of satiation. The increased consumption time 

may be a result of the nature of the product, as it was not water soluble and had a tacky, yet 

powder like physical characteristic. While the inclusion weight of +RP was small (10 mg/kg 

BW), the texture, smell, or taste may have affected consumption rate. To the researchers’ 

knowledge, this is the first time a raw product of policosanol was used as a supplement for cats, 

thus further research on eating behaviour and gastrointestinal hormonal response may be of 

interest.  

This study reported no effect of policosanol (raw or encapsulated) on lipid profile in 

either lean (n = 3; BCS ≤ 5) or overweight (n= 5; BCS > 5), healthy domestic cats. Based on the 

literature, the primary effect of policosanol on lipid profile is evident in the LDL-C fraction, 

wherein binding, internalization, and degradation are significantly increased in response to 

treatment (Menendez et al. 1994; Gouni-Berthold and Berthold 2002; Menendez et al. 1997). It 

is also reported that policosanol provision supports the early inhibition of cholesterol 

biosynthesis (Singh et al. 2006). Studies in animal models including rats, rabbits, dogs, and 

monkeys all conclude that policosanol significantly reduces concentrations of TC (12-23 %) and 

LDL-C (11-30 %), with dosages ranging from 5 to 500 mg/kg BW/day (Arruzazabala et al., 

1994; Mesa et al., 1994; Rodriguez et al., 1994; Menendez et al., 1996). The changes in lipid 

profile in the current study occurred similarly among all dietary treatments and were therefore 

not significant. Since all cats received all treatments, and each group of cats received treatments 

in a different order, it is difficult to determine a possible cause for this, or account for the 
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observed changes in CON. It is possible that policosanol’s mechanism of action of decreasing 

HMG-CoA reductase activity (Singh et al., 2006) and increasing LDL-C receptor activity 

(Menendez et al., 1997) may have more long-term effects.  

In contrast to the aforementioned studies in rats, rabbits, dogs and monkeys, studies in 

hamsters and rabbits found no change in lipid profile (Wang et al., 2003; Murphy et al., 2004), 

though a high cholesterol diet in both may have confounded these results. The original 

policosanol research group suggests positive results are due to a different mixture or purity of 

their specific policosanol (Castano et al., 2002); however, a study by Nassis et al. (2007) found 

no differences between the original Dalmer Cuban policosanol and the Degussa alternative 

policosanol, and neither elicited a positive change in lipid profile in hamsters. The hamster 

model is considered to be a suitable model for studying lipid lowering mechanisms (Kris-

Etherton and Dietschy, 1997) and has been found to resemble human regulation of LDL-C 

metabolism (Spady and Dietschy, 1988). Hamsters, similar to cats, carry a larger proportion of 

plasma cholesterol in HDL-C versus LDL-C (Yin et al., 2012), which could also account for the 

lack of change observed in the present study. The effect of policosanol on lipid metabolism may 

differ among species, and so it is possible that domestic cats, like hamsters, do not respond to 

supplementation in the manner that rats, monkeys and dogs do. Additionally, while some studies 

have used healthy subjects, many of the reports that have presented findings supporting the effect 

of policosanol on lipid profile have done so utilizing subjects with hypercholesterolemia (Pons et 

al., 1994; Aneiros et al., 1995; Castano et al., 2001; Arruzazabala et al., 2002). However, as 

hypercholesterolemia occurrence is rare in domestic cats, investigating the effects of policosanol 

on cats with other metabolic disorders, such as diabetes or hepatic lipidosis, may be useful to 

further our understanding of the mechanism of action. For example, a disease such as diabetes 
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mellitus can decrease lipase, which is responsible for dissolving lipids (Rand et al., 2004). 

Coupled with obesity, this can result in increased blood lipid concentrations, namely cholesterol 

and triglycerides, that may respond more positively with supplementation.  

There was no effect of treatments on voluntary physical activity, EE, and RQ, and is 

consistent with the lack of effect observed in lipid profile. The lack of change in voluntary 

physical activity in +LC was interesting, as previous research has reported an increase in play 

motivation in overweight, L-carnitine supplemented cats (Shoveller et al., 2014). However, 

increased play motivation and voluntary physical activity may not necessarily coincide, and the 

cats’ perceived motivation to play during socialization was not measured in the current study. 

Furthermore, while most cats were classified as overweight (BCS of 6), their weight gain 

occurred in a relatively short period of time and so their activity patterns may not have been 

impacted. The overall tendency of the results of this study were individually observed positive 

changes, as well as positive changes that were not statistically significant due to possible 

carryover effect of supplementation causing similar changes to be observed across all dietary 

treatments. Though not statistically significant, fasted RQ did numerically decrease from 

baseline to d28 in +POLI and +RP whereas CON and LC remained similar. Postprandial RQ also 

decreased similarly across all treatment groups, potentially indicating some longer-term effects 

of supplementation. These observations in both fasted and postprandial RQ warrant further 

research into policosanol supplementation through a more conservative experimental design. 

While we hypothesized that EE would increase in +POLI, it is not surprising that there was no 

difference among dietary treatments as indirect calorimetry measures resting energy expenditure 

(REE). Due to the small space required to perform indirect calorimetry, the cats often do not play 

or perform any exercise and instead spend most of their time sleeping. If any treatments were to 
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have an effect on voluntary physical activity, this will not be captured by indirect calorimetry 

with collections in this rested state. Furthermore, REE is largely controlled by LBM (Center et 

al., 2011), and so would not change unless the cats’ body composition were altered. As these cats 

were being fed to maintain BW with short supplementation periods, LBM would likely not 

change and therefore REE would remain the same. Even with a change in RQ, it is possible that 

EE would not change as a result of the cats being at rest. This was demonstrated by Gooding et 

al. (2015), wherein feeding a high fat diet caused a decrease in RQ but resulted in no change in 

EE compared to feeding a high CHO diet. Interestingly, there was no observed change in +LC 

for either RQ or EE, though previous research has only reported positive changes in both of these 

(Center et al., 2012; Shoveller et al., 2014) for overweight and obese cats.  

A 2x2 Latin square may be more useful for investigating the direct effects of 

encapsulated policosanol against a control, with a longer washout period. Random assignment 

into treatment and control groups with a parallel design may also be of interest, as the potential 

for long-term supplementation effect would be minimized. Frequency of dosage should also be 

considered, as it is proposed that plant sterols work better with increased consumption frequency 

(AbuMweis et al., 2009), likely due to the potential to control the effect of a meal on circulating 

lipids. Body fat stores should also be considered, as these cats were only slightly overweight and 

for the most part gained weighed in a fairly short period of time. It may take longer for cats to 

display characteristically dyslipidemic blood, as they have increased fat utilization as obligate 

carnivores. Genetics may also play a part in the relationship between lipid metabolism and 

weight gain, as there were some cats that had an overweight BCS but did not have 

characteristically dyslipidemic blood and little to no changes occurred among any of the 

treatments. For example, one cat was classified as lean in BCS, but had more characteristically 
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dyslipidemic blood and observed positive individual changes, namely lipid lowering, with 

supplementation (Figure 4.3). Moreover, the one cat classified as obese had the most 

characteristically dyslipidemic blood and also observed positive individual changes with 

supplementation (Figure 4.4). Thus, pre-screening cats based on dyslipidemia and level of 

obesity would be useful in studies going forward, since cats have slightly different lipid 

metabolism that likely impacts the level of effectiveness of supplementation.  

4.6 Conclusion 

This study is the first to demonstrate that supplemental policosanol can be safely 

administered to domestic cats. No disturbances in biochemical or hematological parameters 

indicate the same wide safety margin that has been demonstrated in previous animal studies, 

which is essential for moving forward with clinical studies. Individual observations in cats 

tending to be dyslipidemic or with a BCS tending to be more obese indicate the potential for 

further research into supplementing policosanol to cats in order to improve lipid profile, increase 

voluntary physical activity, and decrease RQ. As cats naturally have a positive lipid profile with 

a higher proportion of HDL-C, supplementing policosanol is likely only of significant benefit in 

overweight, dyslipidemic cats, and those with diabetes mellitus or hepatic lipidosis. Future 

research should therefore focus on cats with these characteristics and utilize a more conservative 

experimental design in order to investigate the potential effects of policosanol supplementation 

in domestic cats. 
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4.7 Appendix 

 

Table 4.1 Nutrient composition of diet fed to 8 cats undergoing acclimation protocol 

Nutrient Analysis 

Crude Protein Min. 31.0% 

Crude Fat Min. 14.0% 

Crude Fiber Max. 4.0% 

Moisture Max. 10.0% 

Guaranteed analysis provided by Nutram 

Ingredients: Chicken Meal, Brown Rice, Rice, Pearled Barley, Salmon Meal, Chicken Fat (preserved with Mixed 

Tocopherols), Whole Eggs, Flaxseed, Natural Chicken Flavor, Dried Beet Pulp, Salmon Oil, Potassium Chloride, 

Choline Chloride, Dried Cranberries, Chicory Root Extract, Taurine, DL-Methionine, Vitamins & Minerals 

(Vitamin E Supplement, Niacin (source of Vitamin B3), Vitamin A Supplement, Thiamine Mononitrate (source of 

Vitamin B1), d-Calcium Pantothenate (source of Vitamin B5), Pyridoxine Hydrochloride (source of Vitamin B6), 

Riboflavin (source of Vitamin B2), Beta-Carotene, Vitamin D3 Supplement, Folic Acid, Biotin, Vitamin B12 

Supplement, Zinc Proteinate, Ferrous Sulfate, Zinc Oxide, Iron Proteinate, Copper Sulfate, Copper Proteinate, 

Manganese Proteinate, Manganous Oxide, Calcium Iodate, Sodium Selenite), Yucca schidigera Extract, Spinach, 

Celery Seeds, Peppermint, Chamomile, Turmeric, Ginger, Rosemary
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Figure 4.1 Mean body weight (kg) ± SEM in cats (n = 8) fed CON, +LC, +POLI or +RP 

diets is similar (P > 0.05) among all dietary treatments. 
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Figure 4.2 Mean consumption time of second ration ± SEM in cats (n = 8) fed CON, +LC, 

+POLI or +RP diets is higher in +RP and similar among all other groups. Means without a 

common superscript differ (P < 0.05). 
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Table 4.2 Serum lipid profile (mean ± SEM) in cats (n = 8) fed CON, +LC, +POLI or +RP 

diets is similar among all dietary treatments and days. 

 

 CON +LC +POLI +RP P-value 

TC (mmol/L; 

ref. range: 

1.00-4.40 

mmol/L)     

 

D0 3.20 ± 0.28 3.36 ± 0.33 3.00 ± 0.33 3.12 ± 0.28 

 

0.9092 

D14 3.10 ± 0.30 2.84 ± 0.36 2.97 ± 0.28 3.07 ± 0.28 

 

0.9264 

D28 2.96 ± 0.30 3.18 ± 0.33 3.19 ± 0.30 3.04 ± 0.28 

 

0.9364 

P-value 0.8241 0.6067 0.8611 0.9808 
 

      
 

LDL-C 

(mmol/L; ref. 

range 0.00-1.40 

mmol/L)     

 

D0 0.46 ± 0.06 0.43 ± 0.07 0.41 ± 0.07 0.39 ± 0.06 

 

0.8759 

D14 0.42 ± 0.07 0.35 ± 0.08 0.35 ± 0.06 0.37 ± 0.06 

 

0.8995 

D28 0.37 ± 0.07 0.35 ± 0.07 0.39 ± 0.07 0.35 ± 0.06 

 

0.9454 

P-value 0.6449 0.6141 0.8613 0.8898 
 

      
 

HDL-C 

(mmol/L; ref. 

range: 2.00-

3.30 mmol/L)     

 

D0 2.74 ± 0.24 2.93 ± 0.28 2.59 ± 0.28 2.73 ± 0.24 

 

0.8919 

D14 2.68 ± 0.26 2.49 ± 0.31 2.62 ± 0.24 2.70 ± 0.24 

 

0.9373 

D28 2.59 ± 0.26 2.83 ± 0.28 2.80 ± 0.26 2.70 ± 0.24 

 

0.9164 

P-value 0.8950 0.6315 0.8323 0.9942 
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TG (mmol/L; 

ref. range: 

0.20-1.10 

mmol/L)     

 

D0 0.40 ± 0.17 0.47 ± 0.27 0.47 ± 0.31 0.46 ± 0.23 

 

0.9395 

D14 0.46 ± 0.19 0.40 ± 0.07 0.41 ± 0.10 0.44 ± 0.21 

 

0.8878 

D28 0.43 ± 0.11 0.42 ± 0.18 0.43 ± 0.13 0.38 ± 0.14 

 

0.8589 

P-value 0.7934 0.8468 0.8699 0.6584 
 

      
 

TC:HDL-C      

D0 3.1:2.7 3.4:2.9 1.5:1.3 3.0:2.7 

 

0.6138 

D14 3.0:2.7 1.5:1.2 1.5:1.3 1.5:1.3 

 

0.5428 

D28 1.5:1.3 3.2:2.8 3.2:2.8 1.5:1.3 

 

0.8846 

P-value 0.4733 0.6956 0.3532 0.7824 
 

      
 

LDL-C:HDL-C      

D0 0.23:1.4 0.22:1.5 0.20:1.3 0.20:1.4 

 

0.6137 

D14 0.21:1.3 0.18:1.2 0.17:1.3 0.19:1.3 

 

0.5415 

D28 0.18:1.3 0.17:1.4 0.19:1.4 0.17:1.3 

 

0.8846 

P-value 0.4733 0.6956 0.3531 0.7746 
 

 

 TC = total cholesterol; LDL-C = low-density lipoprotein cholesterol; HDL-C = high-density lipoprotein 

cholesterol; TG = triglycerides.  
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Figure 4.3 Percentage changes of lipid profile (mean ± SEM) from baseline (d0) to d14 or 

d28 in cats (n = 8) fed CON, +LC, +POLI or +RP diets is similar among all dietary 

treatments and days.  

 TC = total cholesterol; LDL-C = low-density lipoprotein cholesterol; HDL-C = high-density lipoprotein 

cholesterol; TG = triglycerides.  

All changes non-significant. 
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Table 4.3 Complete blood count (mean ± SEM) of cats (n = 8) fed CON, +LC, +POLI or 

+RP diets (pooled data) is similar among all dietary treatments and days. 

Parameter Mean ± SEM  Ref. Range 

(AHL) 

WBC (x 10^9/L) 11.3 ± 1.1 4.2-13.0 

RBC (x 10^12/L) 8.4 ± 0.5 6.2-10.6 

       Hb (g/L) 125 ± 5 93-153 

HCT (L/L) 0.38 ± 0.02 0.28-0.49 

MCV (fL) 46 ± 1 39-52 

MCH (pg) 15 ± 0 13-17 

MCHC (g/L) 327 ± 4 317-350 

RDW (%) 15 ± 0 14-17 

Platelets (x 10^9/L) 211 ± 38 93-514 

MPV (fL) 18 ± 1 8-21 

T.S. Protein (g/L) 78 ± 2 60-80 

Neutrophils (x 10^9/L) 5.3 ± 0.7 2.1-8.3 

Lymphocytes (x 10^9/L) 5.2 ± 0.6 1.1-8.1 

Monocytes (x 10^9/L) 0.3 ± 0.1 0.0-0.5 

Eosinophils (x 10^9/L) 0.6 ± 0.2 0.0-1.6 

WBC = white blood cells; RBC = red blood cells; Hb = hemoglobin; HCT = hematocrit; MCV = mean 

corpuscular volume; MCH = mean corpuscular hemoglobin; MCHC = mean corpuscular hemoglobin 

concentration; RDW = red cell distribution width; MPV = mean platelet volume. 

Pooled data for all treatments shown as parameters were unaffected by dietary treatment (P > 0.05). 
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Table 4.4 Biochemistry profile (mean ± SEM) of cats (n = 8) fed CON, +LC, +POLI or +RP 

diets (pooled data) is similar among all dietary treatments and days. 

Parameter Mean ± SEM  Ref. Range 

(AHL) 

Calcium (mmol/L) 2.43 ± 0.03 2.22-2.78 

Phosphorus (mmol/L) 1.58 ± 0.05 0.80-2.29 

     Magnesium (mmol/L) 0.92 ± 0.03 0.80-1.10 

Sodium (mmol/L) 153 ± 1 147-157 

Potassium (mmol/L) 4.6 ± 0.1 3.6-5.2 

Chloride (mmol/L) 118 ± 1 114-123 

Carbon Dioxide (mmol/L) 17 ± 1 14-21 

Anion Gap (mmol/L) 23 ± 1 15-26 

Na:K ratio 34 ± 1 30-41 

Total Protein (g/L) 72 ± 2 60-82 

Albumin (g/L) 36 ± 1 30-44 

Globulin (g/L) 36 ± 2 23-42 

A:G ratio 1.0 ± 0.1 0.7-1.4 

Urea (mmol/L) 7.5 ± 0.2 6.0-12.0 

Creatinine (umol/L) 120 ± 9 50-190 

Glucose (mmol/L) 4.8 ± 0.4 4.4-7.7 

Total Bilirubin (umol/L) 0 ± 0 0-3 

ALP (U/L) 21 ± 2 12-60 

GGT (U/L) 0 ± 0 0-6 
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ALT (U/L) 42 ± 4 31-105 

CK (U/L) 185 ± 37 94-449 

Amylase (U/L) 1069 ± 92 482-1145 

Lipase (U/L) 12 ± 2 12-32 

Calculated Osmo (mmol/L) 306 ± 1 NA 

 

ALP = alkaline phosphatase; GGT = gamma-glutamyl transferase; ALT = alanine aminotransferase; CK = 

creatine kinase. 

Pooled data for all treatments shown as parameters were unaffected by dietary treatment (P > 0.05). 
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Table 4.5 Blood parameters (mean ± SEM) in cats (n = 8) fed CON, +LC, +POLI or +RP 

diets that were significantly different among treatment periods. 

 
Parameter 

Ref. Range 

(AHL) 

Period 1 Period 2 Period 3 Period 4 SEM P-value 

MCV (fL) 39-52 48 a 45 b 44 b 44 b 1.0 0.0043 

MCH (pg) 13-17 16 a 15 ab 15 b 14 b 0.35 0.0005 

MCHC (g/L) 317-350 329 b 336 b 328 b 310 a 2.35 <.0001 

RDW (%) 13-17 14 b 14 b 15 a 15 a 0.16 0.0007 

Ca (mmol/L) 2.22-2.78 2.40 b 2.43 bc 2.42 bc 2.48 ac 0.018 0.025 

P (mmol/L) 0.80-2.29 1.65 a 1.53 bc 1.58 ac 1.53 bc 0.031 0.036 

Mg (mmol/L) 0.80-1.10 0.96 b 0.91 b 0.91 b 0.87 a 0.016 0.0068 

K (mmol/L) 3.6-5.2 4.7 a 4.4 b 4.7 a 4.5 b 0.081 0.047 

Urea (mmol/L) 6.0-12.0 7.9 a 7.7 ac 7.3 bc 7.2 bc 0.15 0.0054 

 

MCV = mean corpuscular volume; MCH = mean corpuscular hemoglobin; MCHC = mean corpuscular 

hemoglobin concentration; RDW = red cell distribution width 

a -c Means with no common superscript differ (P < 0.05) 
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Table 4.6 Voluntary physical activity count (mean ± SEM) in cats (n = 8) fed CON, +LC, 

+POLI or +RP diets was similar among dietary treatments and days.  

 

 CON +LC +POLI +RP 

 

SEM 

 

P-value 

Total     

  

d0 10.73  9.49  11.39  11.20  

 

2.509 

 

0.6793 

d14 12.21  10.36  16.31  14.06  

 

2.509 

 

0.4694 

d28 12.74  13.65  13.35  10.30  

 

2.509 

 

0.7231 

P-value 0.4721 0.2455 0.6629 0.2519 
  

 

Total Light         

  

d0 13.05  12.24  14.53  14.73  

 

2.896 

 

0.8300 

d14 14.27  13.26  15.92  18.58  

 

2.896 

 

0.5424 

d28 16.37  15.75  16.68  12.98  

 

2.896 

 

0.8512 

P-value 0.5542 0.5074 0.9126 0.3853 
  

 

Total Dark         

  

d0 8.50  6.20  8.33 7.82  

 

2.604 

 

0.7098 

d14 8.98  7.36  15.24  10.87  

 

2.604 

 

0.3414 

d28 9.08  11.52  9.86 8.46 

 

2.604 

 

0.8146 

P-value 0.9713 0.1659 0.4309 0.2887 
  

 

Week Total         

  

d0 11.73 9.29 10.77 12.32 

 

2.335 

 

0.6397 

d14 12.03 10.63 14.97 15.24 

 

2.335 

 

0.5331 

d28 13.47 14.05 11.91 11.08 

 

2.335 

 

0.7509 

P-value 0.8042 0.2227 0.5471 0.3799 
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Week Light     

  

d0 14.95 13.18 14.23 16.65 

 

2.719 

 

0.7531 

d14 15.23 14.25 15.22 19.52 

 

2.719 

 

0.5437 

d28 17.94 16.44 14.06 13.27 

 

2.719 

 

0.5568 

P-value 0.6329 0.5735 0.9362 0.4178 
  

 

Week Dark         

  

d0 8.52 6.00 7.96 8.66 

 

2.659 

 

0.6835 

d14 8.88 7.14 14.57 11.12 

 

2.659 

 

0.3991 

d28 9.05 11.65 9.44 8.95 

 

2.659 

 

0.8278 

P-value 0.9809 0.1527 0.4588 0.4628 
  

 

Weekend Total         

  

d0 8.31 10.30 10.28 7.68 

 

3.056 

 

0.8460 

d14 10.59 9.29 16.76 13.31 

 

3.056 

 

0.3610 

d28 10.84 12.43 15.45 8.19 

 

3.056 

 

0.3730 

P-value 0.5944 0.7087 0.5368 0.1121 
  

 

Weekend Light         

  

d0 8.96 9.24 13.19 9.07 

 

4.012 

 

0.7632 

d14 12.39 10.86 17.46 16.26 

 

4.012 

 

0.4910 

d28 12.46 14.00 19.87 11.25 

 

4.012 

 

0.5647 

P-value 0.3737 0.5580 0.7488 0.2223 
  

 

Weekend Dark         

  

d0 7.46 8.24 8.35 6.67 

 

3.049 

 

0.9524 

d14 8.81 7.79 16.21 10.36 

 

3.049 

 

0.2734 

d28 9.20 10.81 11.38 5.09 

 

3.049 

 

0.4732 

P-value 0.8415 0.7436 0.4253 0.1349 
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Table 4.7 Fasted and postprandial EE and RQ (mean ± SEM) in cats (n = 8) fed CON, +LC, 

+POLI or +RP diets was similar among dietary treatments and days. 

 CON +LC +POLI +RP SEM P-value 

Fasted EE 

(kcal/(kg*d))     

  

D0 29.62 30.87 29.52 29.25 

 

3.54 

 

0.9886 

D14 31.25 29.00 30.58 30.89 

 

3.54 

 

0.9750 

D28 30.90 28.04 28.85 28.57 

 

3.54 

 

0.9340 

P-value 0.9199 0.8680 0.9572 0.8602 
  

     
  

Fasted RQ       

D0 0.8225  0.8158  0.8186  0.8222  

 

0.0092 

 

0.9055 

D14 0.7980  0.7933  0.7920  0.7960  

 

0.0092 

 

0.9674 

D28 0.8268  0.8112  0.8042  0.8133  

 

0.0092 

 

0.5035 

P-value 0.1530 0.2178 0.2585 0.1099 
  

     
  

Postprandial 

EE 

(kcal/(kg*d))     

  

D0 28.00 27.5  28.59  27.72  

 

3.42 

 

0.9963 

D14 30.74  29.41 30.85  30.32  

 

3.42 

 

0.9918 

D28 30.73  28.38  27.64  28.15  

 

3.42 

 

0.9108 

P-value 0.7961 0.9359 0.8392 0.7630 
  

     
  

Postprandial 

RQ     

  

D0 0.8033  0.8033  0.8002  0.8018  

 

0.0089 

 

0.9908 

D14 0.7886  0.7937  0.7850  0.7898  

 

0.0089 

 

0.8951 

D28 0.7877  0.7871  0.7805  0.7825  

 

0.0089 

 

0.9539 

P-value 0.3289 0.4651 0.2436 0.4088 
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Figure 4.4 Effect of policosanol supplementation on dyslipidemic, lean (BCS 5) cat. 

 

 

 

 

Figure 4.5 Effect of policosanol supplementation on dyslipidemic, obese (BCS 8) cat. 
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Chapter 5: General Discussion and Conclusion 

 The research presented in this thesis expands on our understanding of the stress response 

in domestic cats, and how environmental acclimation is necessary in order to minimize changes 

in metabolism and record accurate indirect calorimetry measurements. Alongside this, the natural 

supplement policosanol was demonstrated to be safe for feline consumption and provides the 

necessary pilot research to move forward with more targeted studies on its effect on metabolism.  

 The first experiment found that adult cats took a similar amount of time to acclimate to 

temporary restriction within indirect calorimetry chambers as young cats and yielded similar 

results regarding behaviour and quantifiable stress. This research also found that alongside an 

increase in quantifiable stress, respiratory rate, REE, and RQ were all greater at the start of 

acclimation compared to the end, when cats’ behaviour returned to baseline measurements. 

Furthermore, the metabolic stress response was observed to continue even after baseline 

behavioural measurements returned to normal, indicating the need for both metabolic and 

behavioural observations to determine significant reduction of stress. This study is the first to 

combine behavioural and metabolic measurements in order to quantify stress level in cats 

undergoing acclimation to temporary restriction within indirect calorimetry chambers and 

demonstrates the need for a stepwise acclimation to prepare cats as well as ensure precision and 

accuracy when using this method of data collection. 

 The second experiment investigated supplementing the natural product policosanol to 

domestic cats for the first time and demonstrated the same wide safety margin previously shown 

in other species. This study resulted in no significant changes in lipid profile, complete blood 

count, feline biochemistry, voluntary physical activity, REE, or RQ across all dietary treatments. 

Though not statistically significant, positive changes, namely in lipid profile, were individually 
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observed in cats that were more overweight or obese, or tended to have characteristically 

dyslipidemic blood. This study was the first to supplement dietary policosanol to domestic cats, 

and therefore used a more complete representation of the feline population (healthy, both lean 

and overweight cats) necessary for pilot research.  

 This research aimed to advance knowledge in the environmental and nutritional effects 

on feline metabolism, and how it may relate to the incidence of obesity. However, there are a few 

limitations that must be considered. In Chapter 3, limitations were mostly involved with human 

error, as equipment for measuring respiratory rate could not be used. This was accounted for as 

best as possible, as only the primary researchers took measurements, and the mean of multiple 

measurements were used. In Chapter 4, several limitations were identified as the study 

progressed. First, though a nutritionally balanced, dry extruded diet with average macronutrient 

levels was used in both studies, many different diets exist on the consumer market and so we 

cannot be certain that results would be the same when feeding a different diet. Macronutrient 

metabolism is highly dependent on macronutrient intake, and this could alter the effects of the 

supplements. Energy intake as well would likely alter results observed across treatments, as the 

present research sought to maintain BW while the supplements used would likely be part of a 

weight loss regimen. Additionally, studies on policosanol have resulted in high variability among 

researchers, with the type, quality and composition of the product being cited as the greatest 

cause. The present study therefore investigated supplementing both a raw and encapsulated form 

of policosanol alongside a negative and positive control, however the origin of the product used 

(beeswax) was different of that used by the original researchers (sugarcane). Although 

researchers have directly compared the product used by original researchers and found no 

differences, it may be useful to investigate different sources, or the primary component 
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octacosanol that elicit positive changes further. Finally, based on time management and previous 

research, 1-week washout period was used however may have been too short. Based on similar 

responses observed in the negative control group which as hypothesized would have little to no 

change, it may be concluded that effects from the dietary treatments were carried over into the 

next period or had elicited more chronic changes. As the mechanism of action of policosanol is 

through reduction of HMG-CoA reductase activity and increased LDL-receptor expression, it is 

possible that these were altered through gene expression or in similar fashion causing long term 

effect after supplementation ceased. 

 Previous research lacking acclimation of cats to repeated temporary restriction to indirect 

calorimetry chambers may be revisited in order to obtain more accurate data. Future research 

should implement a similar, if not exact stepwise acclimation procedure in order to obtain 

precise and accurate indirect calorimetry data. Environmental changes should be seriously 

considered regarding altering feline metabolism, and both the behavioural and metabolic 

response to stress should be used to determine return to baseline prior to data collection. Further 

research on policosanol supplementation should focus on obese cats and those with 

characteristically dyslipidemic blood, ideally through screening prior to study start. Moreover, 

future research should either utilize random assignment to separate groups, or implement a 

longer washout period, as it appears that some carryover may have occurred in the present 

research. Furthermore, if future research demonstrates positive changes, investigation of 

supplementation alongside calorie restriction/a weight loss diet is of great interest especially 

regarding clinical studies and client owned cats. Still, ongoing research is required to fully 

understand the impact these studies may have on the incidence of obesity in domestic cats.  
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