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Background: To date, there have been no studies comparing outcomes of cats with obesity following either complete or partial weight reduction protocols.

Methods: Fifty-eight cats participated in this non-randomized observational cohort study, including 46 (79%) and 12 (21%) that underwent complete or partial weight reduction protocols, respectively. Weight loss outcomes, body composition changes and essential nutrient intake were compared between cats in the two groups.

Results: All cats remained healthy, and those on a complete weight reduction protocol lost a median of 23% (range 10–39%) of starting body weight (SBW) over 294 days (113–967 days), whereas those undergoing partial restriction lost 25% (10–41%) over 178 days (54–512 days). Neither duration nor percentage weight loss differed between groups, but those that followed a partial weight reduction protocol lost weight at a faster rate (0.81% per week) and required fewer visits (4–19) than those that followed a complete weight reduction protocol (0.61% per week, p = 0.028; 11, 4–40 visits, p = 0.009). Further, lean tissue mass declined in cats on a complete weight reduction protocol (pre: 4.20 kg, 2.64–5.72 kg; post: 3.90 kg, 2.76–5.24 kg, p < 0.001), whereas lean tissue mass was unchanged in cats on partial weight reduction protocols (pre: 3.45 kg, 2.79–4.71 kg; post: 3.41 kg, 2.90–4.59 kg, p = 0.109). In 33 (57%) cats, median intake of selenium per day was less than NRC AI and RA recommendations, whilst intake was under FEDIAF recommendation in 42 (72%) cats. Median intake of choline per day was less than NRC MR and RA recommendations in 22 (38%) and 53 (91%) cats, respectively, whereas it was under the FEDIAF recommendation in 51 (88%) cats. In a small proportion (12–14%) of cats, phenylalanine/tyrosine and potassium were under recommendations; besides these, no other essential nutrient deficiencies were seen, and there were no differences between cats undergoing complete and partial weight reduction.

Conclusion: Partial weight reduction protocols in cats lead to quicker average weight loss, with the possibility that lean tissue loss might be minimized. Such protocols might be more suitable for older cats and those with marked obesity.
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1. Introduction

Feline obesity is a prevalent chronic disease with adverse effects on both health and welfare (1). Controlled weight reduction is most-commonly used, comprising dietary caloric restriction and altered physical activity principally through play (2, 3). It is recommended that such protocols be tailored to the individual, with target weight being adapted according to clinical and other factors (4). ‘Complete’ weight reduction protocols are designed with the target of the animal reaching ideal weight (4), but such an approach increases the potential for failure, because duration of the protocol is associated both with a slowing in rate of weight loss and an increase in non-compliance (4). Conversely, ‘partial’ weight reduction protocols involve deliberately planning for the animal to lose only a portion of the excess weight, meaning that the target weight for the end point of the weight reduction phase is above the animal’s ideal weight. This approach has the key advantage of the target weight being more achievable, taking weeks rather than months; despite remaining above ideal weight, both functional improvements and improved quality of life still occur (5, 6). However, partial weight reduction protocols suffer the main disadvantage of the animal remaining in overweight condition, such that any weight loss benefits are likely to be less marked than with complete weight reduction. To the authors’ knowledge, no previous studies have compared differences between complete and partial weight reduction protocols.

Whether a complete or a partial weight reduction protocol is chosen, dietary caloric restriction usually requires the feeding of a therapeutic diet. Such diets are formulated with increased amounts of essential nutrients relative to their energy content, to ensure that essential requirements are met even when feeding less than metabolisable energy requirements required for maintenance (MER). Internationally-accepted recommendations on daily essential nutrient intake are available for cats, including those of the National Research Council (7) and the European Pet Food Industry Federation (Fédération Européenne de l’Industrie des Aliments pour Animaux Familiers; FEDIAF) (8). However, there has previously been little research into adequacy of essential nutrients in animals with obesity that undergo controlled weight reduction using a therapeutic diet. To the authors’ knowledge, there have been only two studies assessing essential nutrient intake based upon reported food intake during a weight reduction period (9, 10). In the first study, 17 overweight cats underwent weight reduction for 8 weeks utilizing reduced-energy maintenance diets, and with animals consuming approximately 80% of maintenance energy requirements (9). Median daily intake of all essential nutrients was above either NRC 2006 minimal requirement (MR) or NRC 2006 adequate intake (AI, when no MR had been demonstrated), except for the intake of selenium which, in 4 cats, was marginally under NRC 2006 AI. All cats in this study remained in good health and did not show any signs of essential nutrient deficiencies. In the second study, cats with obesity were fed a therapeutic weight reduction diet for 10 weeks, during which time they lost a mean of 0.9% of their body weight per week (10). Again, all cats remained healthy, but the average intakes of both arginine and choline were less than the NRC 2006 AI in most cats, whilst borderline intake of phenylalanine and tyrosine was reported in some cats. A key limitation of both studies was the fact that they were short term with cats only losing a modest amount of weight (<10%). They also did not compare intakes of cats that underwent ‘complete’ versus ‘partial’ weight reduction; since such protocols are likely to differ in length of time that the cat must undergo caloric restriction, the risk of nutrient deficiency might plausibly differ between them.

Therefore, the aim of the current was to compare outcomes in cats undergoing complete versus partial weight reduction protocols, in terms of various outcomes including rate of weight loss, changes in body composition. Additional aims included determining the adequacy of essential nutrient intake cats undergoing either complete or partial weight reduction protocols, and to determine whether any differences existed between them.



2. Materials and methods


2.1. Study cats, eligibility criteria, and ethical considerations

This study involved adult pet cats with obesity that attended the Royal Canin Weight Management Clinic, University of Liverpool, UK, between January 2005 and July 2021. Eligible cats had completed their period of weight reduction protocol by February 2022, meaning that they had reached the target weight that had been set for them in advance of their program. Cats were not eligible if they had comorbidities [e.g., endocrine disease (including diabetes mellitus and acromegaly), hepatic disease, renal disease, and gastrointestinal disease] that might affect their food intake or nutritional requirements. Cats had to have been fed a therapeutic weight reduction diet (see below), which was either just dry therapeutic food or a mixture of dry and wet food. Switching between formulations was not permitted. Finally, use of other foods or significant dietary non-compliance was also not allowed (as determined by the owner diary used for weight reduction; see below).

The University of Liverpool Veterinary Research Ethics Committee (RETH000353 and VREC793), the WALTHAM ethical review committee and the Royal Canin Ethical Review Committee (150720–55) all approved the study. As part of the University approval, the nature of the procedures performed were considered and, specifically, whether they should be classified as experimental procedures. In this respect, all clinical procedures were conducted in accordance with relevant guidelines (e.g., standard operating procedures) and regulations. Further, the foods used in the study were commercially-available therapeutic diets (already commonly used by veterinarians to manage obesity) and were fed for the clinical benefit of the cats in the study. As a result, in the ethical approvals granted (RETH000353 and VREC793), neither the clinical procedures used nor the clinical use of the therapeutic diets were deemed to involve animal experimentation and, therefore, fell outside the remit of national legislation (e.g., the revised Animals [Scientific Procedures] Act 1986).

The owners of all cats that participated gave their informed consent in writing, for clinical management of their cat’s obesity, for the use of anonymized data and surplus clinical samples for research purposes, and for use of data for publication. All procedures performed were clinical in nature and undertaken for the benefit of the animal.



2.2. Definitions and study groups

For the purposes of this study, the ‘ideal weight’ of the patient was defined as the weight at which the cat’s body fat mass was optimal and was either determined by body composition data from dual-energy X-ray absorptiometry (DEXA) or by body condition score (BCS, see below). In contrast, ‘target weight’ was defined as the goal weight set for the period of controlled weight reduction, and this was individualized for each cat (see below).

Cats were grouped according to whether they underwent a complete or partial weight reduction protocol. In a complete weight reduction protocol, the primary aim was to return the cat to within ±5% of their ideal weight; to achieve this, the chosen target weight for the cat was the same as the ideal weight. In contrast, for a partial weight reduction protocol, the target weight was deliberately set to be greater than the ideal weight (4). This meant that cats undergoing partial weight reduction would still be in overweight body condition (i.e., at least 10% above their ideal weight) at the end of their protocol; however, the intention was for them to have lost enough weight to improve their health and wellbeing; for example, weight loss of 10 ± 6.3% of starting weight was sufficient to improve mobility and quality of life, as observed by owners (6). Reasons for choosing a partial weight reduction protocol were age (i.e., >9 years, 3 cats), marked obesity (i.e., >40% above ideal weight; 2 cats) and both age and marked obesity (7 cats). Marked obesity was considered because it is known to be negatively associated with outcome of weight reduction in cats (11), whilst age was considered because of the increased risk of having other chronic diseases (12).



2.3. Initial assessment

Before the weight reduction protocol was implemented, the health of all cats was assessed using physical examination, routine hematology, serum biochemistry and urinalysis. In all cats, BCS was measured (11) and, in most, body composition was measured by DEXA as previously described (2). At this stage, either body composition data or BCS were used to set the ideal weight, as previously described (6, 11). Briefly, for body composition data, measurements of lean mass, fat mass and bone mineral content (in grams) were keyed into an electronic spreadsheet (Excel for Mac, version 16.71, Microsoft), which used a bespoke mathematical formula to predict body composition after weight reduction, with optimal body fat mass assumed to be ~20% for cats (2, 13, 14). This mathematical formula incorporated information on known body composition alterations from previous studies using the same DEXA machine and software (2, 15). For cats where body composition data were not available, ideal weight was instead determined from BCS (6); briefly, the starting weight of the cat was divided by 1.2, 1.3 or 1.4, for cats whose BCS of 7, 8, and 9, respectively. Clinical information was used to set the target weight and decide whether the cat would undergo complete or partial weight reduction (see above).



2.4. Weight reduction period

Details of our feline weight reduction regimen have previously been published (2, 11). Each protocol was individualized to the cat and involved feeding one or more therapeutic diet (Table 1) for encouraging controlled weight loss, all made by the same company (Royal Canin SAS, Aimargues, France). There were two dry diets (D1: Obesity Management; D2 Satiety Support) and two wet diets (W1: Obesity Management; W2: Satiety Support). Daily food portions were weighed out by owners using electronic kitchen scales; to be certain that all scales were accurate, the first portion was weighed on the clinic’s own calibrated electronic scales (Salter, Tonbridge, UK), and the owner took this portion home to weigh on their own scales. In addition, owners were given advice on how to stimulate physical activity, for example, using toys to encourage play. During the program, owners maintained a diary where they recorded diet ration fed, activity undertaken, periods of illness and any dietary non-compliance. Each cat was rechecked approximately every 2–4 weeks; on each occasion, bodyweight was measured, the diary records scrutinized, and adjustments being made to their feeding protocol if deemed to be necessary (2).



TABLE 1 Average composition of the therapeutic diets used for weight reduction in 53 cats with obesity.
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2.5. Final assessment

Upon reaching target, all cats were reassessed using the same measures as before (physical examination, routine hematology, serum biochemistry and urinalysis). Again, BCS was performed and, in most cats, DEXA was repeated, which enables body composition changes to be precisely determined (2).



2.6. Estimation of essential nutrient intake

The average intake of essential nutrients intake during controlled weight loss was estimated as previously described in a similar canine study (16). Briefly, calculations were based on the average the daily food allocation and the average nutrient content of the therapeutic diet, as reported by the manufacturer (Table 1). If a cat had consumed a mixture of dry and wet food, the nutrient intake was calculated separately for each food, before adding the two added together to determine the overall intake per day. Results are reported as median (range) per kg IBW0.67 as well as the number (and percentage) of cats with daily intake of essential nutrients under the recommendations of either the NRC (7) or FEDIAF (8). For NRC, comparisons for each essential nutrient were made either with MR or AI (depending upon what was available), as well was with recommended allowance (RA) were used. Minimal requirement was defined as ‘the minimal concentration of a maximally-bioavailable nutrient that will support a defined physiological state’, whilst AI was defined as ‘the concentration of nutrient demonstrated to support a defined physiological state when no MR has been demonstrated’ (7). Further, RA was either derived from MR after adding a ‘safety factor’ (accounting for both inter-diet variations in bioavailability and inter-individual variations in energy intakes) or derived from AI when no MR was available, i.e., it was observed that animals fed diets containing such amounts did well (7). The FEDIAF recommendations were converted to the same units as used for NRC 2006 to make comparisons simpler.



2.7. Data handling and statistical analyses

Data were keyed into a spreadsheet (Microsoft Excel® for Mac version 16.19) and then assessed to ensure that there were no errors, whilst an “online open-access statistical language and environment” (R, version 4.2.3) (17) was used for all statistical manipulations, with level of statistical significance was set at p < 0.05, assuming two-sided analyses. Complete datasets were available for all variables except for body composition data because this was not performed in 5 cats both before and after weight loss, and a further 6 cats after weight loss only (Supplementary data); therefore, statistical analyses on body composition data were conducted using data from the remaining 48 cats. All ME intakes are expressed as both kJ and kcal per kg0.67 of ideal bodyweight (IBW), whilst weight loss is reported as percentage starting body weight (SBW). Finally, we determined average daily ME intake for weight reduction by first calculating the total ME intake for the weight loss period, and then dividing this by the number of days the protocol lasted.

For the weight loss variables and nutritional intake data, normality was assessed in all sets of continuous data with Shapiro–Wilk tests and by examining Q-Q plots. Given that many datasets were not normally distributed, a decision was made to report continuous results as median (range) and categorical data as absolute numbers and percentages. Wilcoxon signed-rank tests were used to assess differences in body composition measurements before and after weight reduction, whilst differences between cats undergoing complete and partial weight reduction were assessed with the Mann–Whitney test. In both cases, non-parametric effect size was determined by calculating rank biserial (and its 95% confidence interval, 95%-CI) using the ‘effectsize’ package (version 0.7.0) (18). The range of rank biserial values can vary between −1 (all second-sample values greater than all first-sample values) to +1 (all first-sample values greater than all second-sample values), with values of larger (positive or negative) magnitude indicating larger differences between groups. Interpretation was based on the recommendations of Funder and Ozer (19), whereby rank biserials of <0.05, 0.05–0.10, 0.10–0.20, 0.20–0.30, 0.30–0.40 and > 0.40 indicated “tiny,” “very small,” “small,” “medium,” “large” and “very large” effect sizes, respectively.




3. Results


3.1. Baseline details for study cats

A total of 58 cats were included the study (Table 2). A complete weight reduction protocol was used in 46 cats (80%), with a partial weight loss protocol being used for the remaining 12 cats (20%), with the target weight being greater than ideal weight by a median of 18% (11–50%). There were no differences in sex, breed or starting bodyweight in cats that underwent complete versus partial weight reduction (Table 2). Not surprisingly, given the reasons for choosing the different protocols, cats assigned to complete weight reduction protocols were younger and percentage body fat was less than those assigned to partial weight reduction (Figure 1). There was no difference in starting weight between groups (Table 2), but estimated ideal weight was greater and percentage above ideal weight less in cats undergoing complete versus partial weight reduction (Figure 2; Table 2).



TABLE 2 Comparison of baseline data and outcomes in cats undergoing complete versus partial weight reduction.
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FIGURE 1
 Age (A) and initial percentage body fat (B) in cats undergoing either complete (46) or partial (12) weight reduction. Red (complete weight reduction protocol) or blue (partial weight reduction protocol) points represent data from individual cats, thick horizontal black lines represent the median of each group, whilst the upper and lower hinges of the boxes represent the inter-quartile range (IQR). The lower whisker represents the smallest observation greater than or equal to the lower hinge of the box minus 1.5 times the IQR; the upper whisker represents the largest observation less than the upper hinge of the box plus 1.5 times the IQR. Cats assigned to complete weight reduction protocols were younger (median 86 months, range 19–151 months) than those assigned to partial weight reduction (median 130 months, range 84–178 months; p < 0.001; rank biserial −0.70 [very large effect], 95%-CI -0.84 to −0.46). Percentage body fat was less in cats assigned to complete (median 32%, range 22–42%) compared with partial (median 45%, range 34–54%) weight reduction protocols (p < 0.001; rank biserial −0.80 [very large effect], 95%-CI -0.91 to −0.59).


[image: Figure 2]

FIGURE 2
 Estimated ideal weight in kg (A) and percentage above ideal weight (B) in cats undergoing either complete (46) or partial (12) weight reduction. Red (complete weight reduction protocol) or blue (partial weight reduction protocol) points represent data from individual cats, the thick horizontal black lines the median of each group, whilst the upper and lower hinges of the boxes represent the inter-quartile range (IQR). The lower whiskers represent the smallest observation greater than or equal to the lower hinge of the box minus 1.5 times the IQR; the upper whiskers represent the largest observation less than the upper hinge of the box plus 1.5 times the IQR. Both estimated ideal weight (complete 5.2 kg, 3.6–7.1 kg; partial 4.7 kg, 3.3–5.7 kg; p < 0.001, rank biserial −0.65 [very large effect], 95%-CI -0.82 to −0.39) and percentage above ideal weight less (complete: 34%, 11–69%; partial: 68%, 26–133%; p < 0.001, rank biserial −0.65 [very large effect], 95%-CI -0.82 to −0.39) were greater in cats undergoing complete weight reduction.




3.2. Weight reduction outcomes

Approximately half (29, 50%) the study cats were fed a dry therapeutic diet exclusively, whilst the rest were fed a combination of wet and dry therapeutic diets, with no differences in the therapeutic diets used, the proportion of dry food fed or number of visits between cats undergoing complete versus partial weight reduction protocols (Table 2). Overall percentage of weight lost was 23% (10–39%) and 25% (10–41%) over a median of 294 days (113 to 967 days) and 178 days (54 to 512 days), in cats that underwent complete or partial weight reduction, respectively, with no between-group differences. There was also no difference in median energy intake during the weight loss period between groups (Table 2). However, rate of weight loss was slower (Figure 3) and more visits were required (Table 2) in cats that underwent complete compared with partial weight reduction.

[image: Figure 3]

FIGURE 3
 Rate of weight loss (% starting bodyweight per week) in cats undergoing either complete (46) or partial (12) weight reduction. Rate of weight loss for individual cats are represented by points, the solid horizontal black line represents the mean and upper and lower hinges of the boxes represent the inter-quartile range (IQR). The lower whisker represents the smallest observation greater than or equal to the lower hinge of the box minus 1.5 times the IQR; the upper whisker represents the largest observation less than the upper hinge of the box plus 1.5 times the IQR. Rate of weight loss was slower in cats that underwent complete [(0.61% SBW per week, 0.12–1.23%) compared with partial (0.82% SBW per week, 0.41–1.36%) weight reduction (p = 0.028, rank biserial −0.41, 95%-CI -0.67% to −0.07% (large effect size)].




3.3. Changes in body composition during weight reduction

Details of body composition analysis in the 49 cats (complete weight reduction: 44 pre, 40 post; complete weight reduction: 9 pre, 7 post) were this was performed are shown in Table 3. Before weight reduction, there were no differences in both total mass (complete 6.35 kg, 3.98–9.91 kg; partial 6.78 kg, 5.80–10.03, p = 0.387, rank biserial −0.19, 95%-CI -0.54 to 0.22 [small effect]) and bone mineral content (complete 155 g, 96–221 g; partial 144 g, 104–201 g, p = 0.456, rank biserial 0.16, 95%-CI -0.25 to 0.52 [small effect]) between protocols; however, lean mass was greater (complete 4.20 kg, 2.64–5.72 kg; partial 3.45 kg, 2.79–4.71, p < 0.020, rank biserial 0.50, 95%-CI 0.13 to 0.75 [very large effect]), whilst both fat mass (complete 1.95 kg, 1.08–4.17 kg; partial 3.33 kg, 2.08–5.79 kg, p = 0.004, rank biserial −0.60, 95%-CI -0.80 to −0.27 [very large effect]) and fat percentage (complete 32%, 22–42%; partial 45%, 34–54%, p < 0.001, rank biserial −0.80, 95%-CI -0.91 to −0.59, [very large effect]) were less in cats that underwent complete versus partial weight reduction protocols.



TABLE 3 Body composition analysis in cats undergoing complete versus partial weight reduction.
[image: Table3]

After weight reduction, again there were no differences in both total mass [complete 4.80 kg, 3.29–6.97 kg; partial 5.50 kg, 4.61–6.26, p = 0.150, rank biserial −0.35, 95%-CI -0.68 to 0.10, (medium effect) and bone mineral content (complete 141 g, 92–193 g; partial 123 g, 114–181 g, p = 0.491, rank biserial 0.17, 95%-CI -0.29 to 0.57 small effect) between protocols; however, both fat mass (complete 0.81 kg, 0.20–1.60 kg; partial 1.60 kg, 1.27–2.46 kg, p < 0.001, rank biserial −0.95, 95%-CI -0.98 to −0.88 (very large effect), and fat percentage (complete 17%, 22–40%; partial 31%, 24–44%, p < 0.001, rank biserial −0.99, 95%-CI -0.99 to −0.96 (very large effect) were less in cats that underwent complete versus partial weight reduction protocols, whilst there was no difference in lean mass between protocols (complete 3.90 kg, 2.76–5.24 kg; partial 3.41 kg, 2.90–4.59 kg, p = 0.092, rank biserial 0.41, 95%-CI -0.04 to 0.72 (very large effect)].

When within-protocol changes in body composition during weight reduction were assessed, there were significant decreases were observed in total mass, fat mass, bone mineral content, and fat percentage for cats on either complete or partial protocols (Table 3). However, although lean mass decreased significantly in cats undergoing complete weight reduction (before 4.20 kg, 2.64–5.72 kg; after 3.90 kg, 2.76–5.24 kg, p < 0.001, rank biserial 0.94, 95%-CI 0.88–0.97 [very large effect]), there was no change in lean mass for cats undergoing partial weight reduction (before 3.45 kg, 2.79–4.71 kg; after 3.41 kg, 2.90–4.59 kg, p = 0.109, rank biserial 0.71, 95%-CI 0.07–0.94 [very large effect]).



3.4. Estimation of essential nutrient intake during weight reduction

Average daily essential nutrient intakes during weight reduction were compared with both NRC 2006 and FEDIAF recommendations (Table 4). Average intake of all nutrients was greater than both NRC and FEDIAF recommendations, besides choline, phenylalanine/tyrosine, potassium and selenium. With selenium, average daily intake was under NRC AI and RA in 42 cats (72%; 33/46 complete [72%], 9/12 partial [75%]), and less than FEDIAF recommendation in 33 cats (57%; 25/46 complete [54%], 8/12 partial [8%]). Average daily intake of choline was under NRC MR, NRC RA and FEDIAF recommendation in 22 (38%; 16/46 complete [35%], 6/12 partial [50%]), 53 (91%, 44 complete [92%], 9 partial [75%]) and 51 (88%; 42 complete [91%], 9 partial [75%]) cats, respectively. In 2 (3%; 2 complete [5%], 0 partial [0%]), 2 (3%, 2 complete [5%], 0 partial [0%]) and 8 (14%; 7/46 complete [15%], 1/12 partial [8%]) cats, average daily intake of potassium was marginally (i.e., within 10% of the recommendation) less than NRC AI, NRC RA and FEDIAF recommendation, respectively. Finally, the intake of phenylalanine and tyrosine combined was marginally (i.e., within 5% of the recommendation) less than NRC AI, NRC RA and FEDIAF recommendation in 7 (12%; complete: 5/46 [10%], partial: 2/12 [17%]), 7 (12%, complete: 5/46 [10%], partial: 2/12 [17%]) and 8 (14%; complete: 6/46 [13%], partial: 2/12 [17%]) cats, respectively. Essential nutrient intakes did not differ between cats undergoing complete or partial weight reduction (p > 0.500 for all; effect sizes either tiny or very small; Table 5).



TABLE 4 Average daily essential nutrient intake during weight reduction in 53 cats with obesity.
[image: Table4]



TABLE 5 Comparison of essential nutrient intakes during weight reduction in cats undergoing complete versus partial weight reduction.
[image: Table5]




4. Discussion

In this study, we have compared differences in outcomes and in essential nutrient intake in cats undergoing either partial or complete weight reduction using purpose-formulated therapeutic diets. Even though the cats undergoing partial weight reduction were older and had a greater body fat percentage, some weight loss outcomes (such as rate of weight loss per week) were better, whilst there was no difference in outcome for many others. These results are encouraging since marked obesity is known to be negatively associated with outcomes of weight reduction in cats (11). Therefore, offering a partial weight reduction protocol might be a suitable compromise in such cases to maximize the chances of a successful outcome.

Prior to the weight reduction period, some notable differences were evident between the cats in the two groups: compared with cats where partial weight reduction was chosen, those allocated to a complete weight reduction protocol were younger, on average, but their fat mass and percentage fat were less. These differences are to be expected because of the criteria where age and degree of obesity were key variables on which decision-making was based. Despite the lesser fat mass, estimated ideal weight was greater in cats assigned to complete weight reduction protocols; body composition data revealed this to be the result of lean tissue mass being greater in those assigned to complete, compared with partial, weight reduction protocols. The reason for this difference is not known, but older age could be a key factor. In human beings, lean tissue mass declines during most of adult life, with the average male having ~12 kg less lean mass at age 65–70 compared with age 25 (20). Such declines in lean mass are related to poor health and disability in older people (21), whilst lean mass is negatively associated with mortality risk (22–24). There have been relatively few studies examining changes in lean mass during ageing in dogs (reviewed by Freeman, 2011) (25) where, generally, an age-related decline in lean mass is observed (26, 27). Studies in cats are even more limited, with one study suggesting little association between lean mass and age in this species (28); however, in that study, none of the cats were older than 10 years’ age. Therefore, further work is required to determine the actual effect of increasing age on muscle mass in cats.

Although fat mass changes were similar between the groups, there were differences in lean tissue change, with lean mass being better preserved in those undergoing partial reduction. This finding should be interpreted cautiously because body composition was not performed in all cats, and relatively few were assigned to a partial weight reduction protocol. It might be that the non-significant difference in lean mass before and after weight reduction was because this analysis was underpowered, from a statistical point of view, and this is supported by the fact that the effect size was still classed as ‘very large’, despite the lack of statistical significance. An alternative explanation would be that, whilst loss of some lean tissue was observed in cats undergoing partial weight reduction protocols (lean mass before: 3.45 kg; lean mass after 3.41 kg), the magnitude of loss was greater in cats undergoing complete weight reduction (lean mass before: 4.20 kg; lean mass after: 3.90 kg). Overall, therefore, whilst these results tentatively suggest that lean tissue mass might better be preserved during a partial weight reduction protocol, further studies would be required to confirm this finding.

Besides possible benefits with preserving lean tissue mass, cats undergoing partial weight reduction protocols lost weight faster on average. Given that faster rates of weight loss are positively associated with a favorable outcome (i.e., reaching target weight) in cats with obesity (2, 11), this faster rate could be seen as an advantage of recommending partial rather than complete weight reduction. Added to this, fewer visits were required, which again could be advantageous given that the burden on owners would be less. However, to the authors’ knowledge, no studies have looked at associations between visit frequency and success of weight management in either cats or dogs.

A further aim of the study was to assess essential nutrient intakes during weight reduction, and to determine whether there were any differences in the intake of essential nutrients between cats undergoing complete and partial weight loss protocols. Overall, daily recommended intakes were comfortably met for most essential nutrients and, where requirements were not met, intake was close to recommendations. Further, all cats remained healthy throughout this weight reduction period and did not show any signs of nutrient deficiency. This suggests that, from a nutritional perspective, controlled weight reduction in cats with obesity is safe overall. These results extend those of other recent studies in cats (9, 10), but there were some differences, most notably that a larger cohort of cats was studied, some of which underwent a partial weight reduction protocol; further, in some of the cats undergoing a complete weight reduction protocol, there was marked weight loss (of up to 41% of starting body weight) over a prolonged duration (of up to 967 days). In contrast, Keller et al. (9) used reduced-energy maintenance diets for weight reduction for median duration of 50 days (49–63 days), with cats losing 4.5% SBW (−2.0 to 18.8% SBW) whilst the duration of weight reduction in the Grant et al. study (10) was 10 weeks (70 days), with cats losing an average of 9.4% SBW. Therefore, as well as the current study being larger, it was also more complete in terms of the variability in weight reduction outcomes that can be seen in pet cats with obesity that undergo controlled weight reduction.

Intake of choline was less than NRC RA and FEDIAF requirement in most cats, by a median of 17 and 13%, respectively, but was greater than NRC MR in over 60%. These findings mirror previous findings from a study where a different therapeutic diet was used, where all cats had an average choline intake under RA, and half the cats had a choline intake under MR (10). In cats, choline is required for cell membrane structure, neurotransmission, methyl metabolism, coagulation and hepatic lipid metabolism (7, 29). When fed at suboptimal concentrations, it is reported to depress growth in kittens (30–32) as well as leading to hypoalbuminemia and hepatic lipid accumulation (32). In the current study, and similar to previous work (10), all cats were healthy during the weight reduction protocol, and no signs of deficiency were seen. This might be because choline is not a true vitamin but a vitamin-like substance, not least because many animals can synthesize choline in the liver through methylation of ethanolamine (7). Therefore, although the NRC (7) suggest that diets should be formulated to include at least 637 mg of choline per 1,000 kcal, to meet the requirements of cats at all life stages, previous work has indicated that a choline-deficient diet can made adequate if methionine is supplemented beyond its requirements, because the liver can utilize methionine to synthesize choline de novo (33). The dietary methionine intake for the cats in the current study was estimated to be at least twice all recommendations; assuming these cats did not require methionine to synthesize cysteine (given that the combined intake of both was at least 80% greater than all recommendations), this amount was likely to be more than sufficient to compensate for any marginal intake of choline.

An additional consideration concerning choline requirements is whether requirements differ during a period of weight reduction, compared with maintenance. In a recent study, untargeted metabolomic techniques were used to analyze serum metabolite changes associated with weight reduction in overweight cats (29); a total of 269 metabolites were altered, with over half being associated with lipid metabolism, including choline that declined within the first week of weight reduction and remained lower throughout the study. Such a rapid decline is more likely to be consistent with altered metabolism rather than depletion of choline reserves arising from choline deficiency. Therefore, choline requirements might be less for cats during controlled weight reduction than when fed at maintenance. Nonetheless, the optimal intake of choline during weight reduction requires further investigation, not least because recent studies have shown possible beneficial effects of choline supplementation on hepatic fat mobilization for cats with obesity fed at maintenance requirements (34).

Regarding minerals, daily intake of selenium was less than NRC recommendations (both AI and RA) in most study cats. Given that intake of minerals was not reported in the Grant et al. study (10), the selenium status during weight loss for those cats is not known. However, selenium intake was assessed in the Keller et al. (9) study, with 4 of 17 cats having estimated intakes less than NRC AI recommendations. Pet food regulators have set limits on the amount of selenium that can be added to pet food (8), making it difficult to meet recommendations (16). This is particularly the case in Europe where the FEDIAF limit is particularly strict, on account of the added intention of decreasing environmental pollution with trace elements. That said, and as with choline intake, the significance of this finding is not known, not least given that none of the cats showed any signs of selenium deficiency; further, selenium works in synergy with vitamin E, so a moderate deficiency would be compensated for by this nutrient (7). Potassium was the only other mineral where, in a minority of cats, intake was slightly under recommendations. Whilst potassium intake was less than the FEDIAF recommendation in 8 cats (14%) by a maximum of 20%, it was less than both NRC recommendations in only 2 cats (3%), with the maximum shortfall being 5%. In a previous long-term feeding trial in cats, potassium deficiency was induced with the main clinical consequences being increased serum creatinine concentration and fractional excretion of potassium, suggesting possible renal compromise (35). Although fractional excretion of potassium was not measured in the current study, none of the cats developed azotemia or signs of chronic kidney disease. Therefore, the borderline potassium intakes in some cats are unlikely to be of significance.

Intake of most essential amino acids comfortably exceeded NRC recommendations in all cats of the current study, except for the combined intake of phenylalanine and tyrosine which was marginally less than recommendations in 12–14% of cats, depending on the recommendation used (NRC MA vs. NRC RA vs. FEDIAF). These findings contrast with previous work where, arginine intake did not meet NRC recommendations in all 16 cats studied (10). Although there might be various reasons for these differences, including differences in the study groups and study methodology, it is most likely to be due to the fact that energy restriction was slightly greater in the previous study and a different therapeutic diet was used, which contained less than half the amount of arginine (2.3 g per 1,000 Kcal) than was included in the therapeutic diets of the current study (6.4, 5.9 and 6.7 g per 1,000 Kcal for the HPD, HPHFD and HPW diets, respectively). The significance of the marginally low combined phenylalanine and tyrosine concentrations observed in the current study is not known, not least given that the intakes in question were only 5% less than the recommendations, whilst intake of phenylalanine alone was over twice that of all recommendations. In contrast to phenylalanine, which is an essential amino acid, tyrosine is not although its inclusion can spare the amount of phenylalanine that is required (7). Neither phenylalanine nor tyrosine are thought to be limiting amino acids for optimal nitrogen balance, although they are needed for the synthesis of thyroid hormones and catecholamines (7) and to produce maximal black hair color in kittens (36, 37); when intake of phenylalanine and tyrosine was suboptimal, a reddish-brown hair coat was observed (36). Signs of neurological dysfunction have also been observed when suboptimal intake occurred in kittens, manifesting as an uncoordinated gait, hyperactivity, hypersalivation and vocalization (7). No neurological or dermatological signs, including altered haircoat color were observed in any of the cats at any point during their weight reduction protocols.

There are several limitations to consider besides those already mentioned above. First, the study population was from a specialist referral obesity clinic and, therefore, it might not be possible to generalize results to all pet cats with obesity undergoing weight management. Second, the study groups were unbalanced with relatively few cats being enrolled on partial weight reduction protocols. Given that statistically significant differences were identified., both within and between groups, it is likely that, for many variables, the study had sufficient statistical power. However, we cannot exclude the possibility that the some genuine between-and within-group differences might have been missed if such differences were small. Therefore, ideally, the results of the current study should be confirmed in a future study where group sizes are larger.

A third limitation is the fact that only four therapeutic diets therapeutic diets were used from a single pet food manufacturer. The findings might have differed had other diets been used, as suggested by the differences between the current study and that of previous work (9, 10). A further limitation relates to the accuracy of food intake information and, therefore, the essential nutrient intakes. The cats studied were client-owned and lived at home throughout their period of weight loss; further, we relied on owner to measure food portions accurately and accurately record the amount their cat ate. It is possible that mistakes might have been introduced at this stage, not least given that previous research has demonstrated both mis-and under-reporting of food intake in human nutrition studies (38). Further, given that some cats had outdoor access, they might have been able to access food from other food sources (e.g., hunting or food from neighbors) without their owners knowing. A final limitation is that the actual essential nutrient requirements for cats with obesity during controlled weight reduction are not known; instead, we had to use guidelines that are for cats fed at MER. For some nutrients, essential requirements might be the same as maintenance requirements, other requirements might increase, whilst some might decrease because of physiological changes occurring during weight management. Further work would be required to confirm exact requirements in such a situation.



5. Conclusion

Partial weight reduction protocols can successfully induce weight loss in cats, including both cats with severe obesity and those that are older, possibly, minimizing the amount of lean tissue lost. Further studies are required to extend these observations. Major essential nutrient deficiencies did not occur when feeding purpose-formulated therapeutic diets either for partial or complete weight reduction protocols for cats with obesity. Although intakes of selenium and choline were often borderline-low, the fact that all cats remained healthy throughout, and knowledge that other nutrients can compensate for such intakes, suggest that weight reduction using therapeutic diets is safe overall.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The animal study was reviewed and approved by University of Liverpool Veterinary Research Ethics Committee. Written informed consent was obtained from the owners for the participation of their animals in this study.



Author contributions

AG: conceptualization, methodology, formal analysis, data curation, validation, writing – original draft preparation, writing – review and editing, project administration, funding acquisition, resources, and visualization. GW-L: data curation, validation, writing – review and editing, and project administration. VB: conceptualization, validation, writing – review and editing, and funding acquisition. JF: conceptualization, writing – review and editing, and funding acquisition. All authors contributed to the article and approved the submitted version.



Funding

The study was funded by grants from Royal Canin (VCR10030, JXR10085, JAXR10461 and JXR31196), a division of Mars Petcare, and this company manufactured the diets fed in this study.



Acknowledgments

The authors wish to acknowledge the referring veterinarians for referring cases and the owners of all dogs for allowing them to participate. This article has been published as a preprint at Research Square: https://www.researchsquare.com/article/rs-2135779/v2.



Conflict of interest

VB and JF are employees of Royal Canin. AG and GW-L are employees of the University of Liverpool but their positions are funded by Royal Canin. Both have received financial remuneration and gifts for providing educational material, speaking at conferences, and consultancy work.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fvets.2023.1211543/full#supplementary-material



References

 1. German,AJ, Ryan,VH, German,AC, Wood,IS, and Trayhurn,P. Obesity, its associated disorders and the role of inflammatory adipokines in companion animals. Vet J. (2010) 185:4–9. doi: 10.1016/j.tvjl.2010.04.004

 2. German,AJ, Holden,SL, Bissot,T, Morris,PJ, and Biourge,V. Changes in body composition during weight loss in obese client-owned cats: loss of lean tissue mass correlates with overall percentage of weight lost. J Fel Med Surg. (2008) 10:452–9. doi: 10.1016/j.jfms.2008.02.004 

 3. Bissot,T, Servet,E, Vidal,S, Deboise,M, Sergeraert,R, Egron,E , et al. Novel dietary strategies can improve the outcome of weight loss programmes in obese client-owned cats. J Fel Med Surg. (2009) 12:104–12. doi: 10.1016/j.jfms.2009.07.003 

 4. German,AJ. Weight management in obese pets: the tailoring concept and how it can improve results. Acta Vet Scand. (2016) 58:57. doi: 10.1186/s13028-016-0238-z 

 5. Marshall,WG, Hazewinkel,HA, Mullen,D, De Meyer,G, Baert,K, and Carmichael,S. The effect of weight loss on lameness in obese dogs with osteoarthritis. Vet Res Commun. (2010) 34:241–53. doi: 10.1007/s11259-010-9348-7 

 6. Flanagan,J, Bissot,T, Hours,MA, Moreno,B, and German,AJ. An international multi-Centre cohort study of weight loss in overweight cats: differences in outcome in different geographical locations. PLoS One. (2018) 13:e0200414. doi: 10.1371/journal.pone.0200414 

 7. National Research Council (NRC). Nutrient requirements of dogs and cats. Washington DC: National Academy Press (2006).

 8. Fédération Européenne de l'Industrie des Aliments pour Animaux Familiers (FEDIAF). (2021) Nutritional guidelines for complete and complementary pet food for dogs and cats. Available at: https://europeanpetfood.org/self-regulation/nutritional-guidelines/. Accessed 6 April 2023.

 9. Keller,E, Sagols,E, Flanagan,J, Biourge,V, and German,AJ. Use of reduced-energy content maintenance diets for modest weight reduction in overweight cats and dogs. Res Vet Sci. (2020) 131:194–205. doi: 10.1016/j.rvsc.2020.04.019 

 10. Grant,CE, Shoveller,AK, Blois,S, Bakovic,M, Monteith,G, and Verbrugghe,A. Dietary intake of amino acids and vitamins compared to NRC requirements in obese cats undergoing energy restriction for weight loss. BMC Vet Res. (2020) 16:426. doi: 10.1186/s12917-020-02649-0 

 11. O'Connell,EM, Williams,M, Holden,SL, Biourge,V, and German,AJ. Factors associated with overweight cats successfully completing a diet-based weight loss programme: an observational study. BMC Vet Res. (2018) 14:397. doi: 10.1186/s12917-018-1740-5 

 12. Dowgray,N, Pinchbeck,G, Eyre,K, Biourge,V, Comerford,E, and German,AJ. Aging in cats: owner observations and clinical finding in 206 mature cats at enrolment to the cat prospective aging and welfare study. Front Vet Sci. (2022) 9:859041. doi: 10.3389/fvets.2022.859041 

 13. Witzel,AL, Kirk,CA, Henry,GA, Toll,PW, Brejda,JJ, and Paetau-Robinson,I. Use of a morphometric method and body fat index system for estimation of body composition in overweight and obese cats. J Am Vet Med Assoc. (2014) 244:1285–90. doi: 10.2460/javma.244.11.1285 

 14. Raffan,E, Holden,SL, Cullingham,F, Hackett,RM, Rawlings,JM, and German,AJ. Standardized positioning is essential for precise determination of body composition using dual-energy x-ray absorptiometry in dogs. J Nutr. (2006) 136:1976S–8S. doi: 10.1093/jn/136.7.1976S 

 15. Deagle,G, Holden,SL, Biourge,V, Morris,PJ, and German,AJ. Long-term follow-up after weight management in obese cats. J Nutr Sci. (2014) 3:e25. doi: 10.1017/jns.2014.36 

 16. German,AJ, Holden,SL, Serisier,S, Queau,Y, and Biourge,V. Assessing the adequacy of essential nutrient intake in obese dogs undergoing energy restriction for weight loss: a cohort study. BMC Vet Res. (2015) 11:253. doi: 10.1186/s12917-015-0570-y 

 17. R Core Team. R: A language and environment for statistical computing. R foundation for statistical computing. Vienna, Austria: (2022). https://www.R-project.org/ (Accessed 6 April 2023).

 18. Ben-Shachar,M, Lüdecke,D, and Makowski,D. Effectsize: estimation of effect size indices and standardized parameters. J Open Source Softw. (2020) 5:2815. doi: 10.21105/joss.02815

 19. Funder,DC, and Ozer,DJ. 2019. Evaluating effect size in psychological research: sense and nonsense. Adv Meth Pract Psychol Sci. (2019) 2:156–68. doi: 10.1177/2515245919847202

 20. Forbes,GB, and Reina,JC. Adult lean body mass declines with age: some longitudinal observations. Metabolism. (1970) 19:653–63. doi: 10.1016/0026-0495(70)90062-4 

 21. Volpi,E, Nazemi,R, and Fujita,S. Muscle tissue changes with aging. Curr Opin Clin Nutr Metab Care. (2004) 7:405–10. doi: 10.1097/01.mco.0000134362.76653.b2 

 22. Srikanthan,P, and Karlamangla,AS. Muscle mass index as a predictor of longevity in older adults. Am J Med. (2014) 127:547–53. doi: 10.1016/j.amjmed.2014.02.007 

 23. Spahillari,A, Mukamal,KJ, DeFilippi,C, Kizer,JR, Gottdiener,JS, Djoussé,L , et al. The association of lean and fat mass with all-cause mortality in older adults: the cardiovascular health study. Nutr Metab Cardiovasc Dis. (2016) 26:1039–47. doi: 10.1016/j.numecd.2016.06.011 

 24. Kim,SK, Kwon,YH, Cho,JH, Lee,DY, Park,SE, Oh,HG , et al. Changes in body composition according to age and sex among young non-diabetic Korean adults: the Kangbuk Samsung health study. Endocrinol Metab (Seoul). (2017) 32:442–50. doi: 10.3803/EnM.2017.32.4.442 

 25. Freeman,LM. Cachexia and sarcopenia: emerging syndromes of importance in dogs and cats. J Vet Intern Med. (2012) 26:3–17. doi: 10.1111/j.1939-1676.2011.00838.x 

 26. Lawler,DF, Larson,BT, Ballam,JM, Smith,GK, Biery,DN, Evans,RH , et al. Diet restriction and ageing in the dog: major observations over two decades. Br J Nutr. (2008) 99:793–805. doi: 10.1017/S0007114507871686 

 27. Harper,EJ. Changing perspectives on aging and energy requirements: aging, body weight and body composition in humans, dogs and cats. J Nutr. (1998) 128:S2627–31. doi: 10.1093/jn/128.12.2627S 

 28. Munday,HS, Earle,KE, and Anderson,P. Changes in the body composition of the domestic shorthaired cat during growth and development. J Nutr. (1994) 124:2622S–3S. doi: 10.1093/jn/124.suppl_12.2622S 

 29. Pallotto,MR, Oba,PM, de Godoy,MRC, Pappan,KL, Buff,PR, and Swanson,KS. Effects of weight loss and moderate-protein, high-fiber diet consumption on the fasted serum metabolome of cats. Meta. (2021) 11:324. doi: 10.3390/metabo11050324 

 30. Da Silva,AC, Guerios,MF, and Monsao,SR. The domestic cat as a laboratory animal for experimental nutrition studies. VI Choline deficiency J Nutr. (1959) 67:537–47. doi: 10.1093/jn/67.4.537 

 31. Anderson,PA, Baker,DH, Sherry,PA, and Corbin,JE. Choline-methionine interrelationship in feline nutrition. J Anim Sci. (1979) 49:522–7. doi: 10.2527/jas1979.492522x 

 32. Schaeffer,MC, Rogers,QR, and Morris,JG. The choline requirement of the growing kittens in the presence of just adequate dietary methionine. Nutr Res. (1982) 2:289–99. doi: 10.1016/S0271-5317(82)80010-9

 33. McKibbin,JM, Thayer,S, and Stare,FJ. Choline deficiency studies in dogs. J Lab Clin Med. (1944) 29:1109–22.

 34. Verbrugghe,A, Rankovic,A, Armstrong,S, Santarossa,A, Kirby,GM, and Bakovic,M. Serum lipid, amino acid and Acylcarnitine profiles of obese cats supplemented with dietary choline and fed to maintenance energy requirements. Animals (Basel). (2021) 11:2196. doi: 10.3390/ani11082196 

 35. Dow,SW, Fettman,MJ, LeCouteur,RA, and Hamar,DW. Potassium depletion in cats: renal and dietary influences. J Am Vet Med Assoc. (1987) 191:1569–75.

 36. Yu,S, Rogers,QR, and Morris,JG. Effect of low levels of dietary tyrosine on the hair colour of cats. J Small Anim Pract. (2001) 42:176–80. doi: 10.1111/j.1748-5827.2001.tb01798.x 

 37. Anderson,PJ, Rogers,QR, and Morris,JG. Cats require more dietary phenylalanine or tyrosine for melanin deposition in hair than for maximal growth. J Nutr. (2002) 132:2037–42. doi: 10.1093/jn/132.7.2037 

 38. Heitmann,BL, Lissner,L, and Osler,M. Do we eat less fat, or just report so? Int J Obesity. (2000) 24:435–42. doi: 10.1038/sj.ijo.0801176



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Partial weight reduction protocols in cats lead to better weight outcomes, compared with complete protocols, in cats with obesity



		1. Introduction



		2. Materials and methods



		2.1. Study cats, eligibility criteria, and ethical considerations



		2.2. Definitions and study groups



		2.3. Initial assessment



		2.4. Weight reduction period



		2.5. Final assessment



		2.6. Estimation of essential nutrient intake



		2.7. Data handling and statistical analyses









		3. Results



		3.1. Baseline details for study cats



		3.2. Weight reduction outcomes



		3.3. Changes in body composition during weight reduction



		3.4. Estimation of essential nutrient intake during weight reduction









		4. Discussion



		5. Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary Material



		References



















OPS/images/cover.jpg
, frontiers | Frontiers in Veterinary Science

Partial weight reduction protocols
in cats lead to better weight
outcomes, compared with
complete protocols, in cats with
obesity












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
' frontiers Frontiers in Veterinary Science






OPS/images/fvets-10-1211543-t002.jpg
Variable Complete Partial Between-protocol comparisons

p-value! Rank biserial?

Number 46 12 - -
Age (months) 86 (19-151) 130 (84-178) <0.001 ~0.70 (~0.84 to —0.46)’
Sex 29 9 0515 -

Neutered male 17 3

Neutered female
Breed 0.142 -

Domestic shorthair ) 10

Domestic longhair 2 0

Bengal cross 0 1

Oriental longhair 1 0

Maine Coon cross 0 1
Start weight (kg) 68 (44-10.3) 7.2(63-105) 0309 ~0.19 (<051 10 0.17)°
Final weight (kg) 53(37-7.4) 59(37-7.2) 0.127 ~029 (~0.58 10 0.07)*
Estimated ideal weight 52(36-7.1) 47(33-57) 0.015 0.46 (0.11 10 0.70)
Percentage above ideal weight 34(11-69) 68 (26-133) <0.001 ~0.65 (~0.82t0 ~0.39)"
Therapeutic diet used * 0251 -

DI 4 1

D2 13 6

Dl and W1 7 1

D2and W1 16 2

D2and W2 1 2

Percentage dry food 78 (21-100) 76 (40-100) 0,560 0.11 (=026 10 0.45)°

Mean EI during weight

e 0589 ~0.11 (<044 t0 26)°

KJ per k' per day 222 (180-276) 222(192-335) - -

Keal per kg per day 53 (43-66) 53 (46-80) - -
Number of visits 11 (4-40) 7(-19) 0.009 050 (0.17100.72)°
Duration (days) 294 (113-967) 178 (54-512) 0.153 027 (=0.0910057)*
Weight loss (%)* 23% (10-39%) 25% (10-41%) 0.886 ~0.03 (~0.38100.33)"
Rate of weight loss (% per week)® 0.61% (0.13-1.23%) 0.81% (0.41-1.36%) 0.028 ~041 (=067 t0 ~0.07)

Data are expressed as median (range). 'p-values are from Mann-Whitney tests comparing complete with partial weight reduction. *Effect size reported as rank biserial (with 95% confidence
terval) and interpreted according to Funder and Ozer (19): <0.05, tiny's 0.05-0.10, very small’; 0.10-0.20, small 0.20-0.30, medium; 0.30-0.40, large’; >0.40 very large’.“Estimated ideal
weight and percentage above ideal weight was determined either by dual-energy X-ray absorptiometry or from body condition score (see methods). ‘The therapeutic diets used were as follows:
D1: dry diet 1; D2:dry diet 2 W1 wet diet 1; W2: wet diet 2; please see Txble | legend for details of the specific therapeutic diets used. “Percentage weight loss and rate of weight loss based on

starting body weight. p-values <0.05 are indicated in bold.
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p-value! Rank biserial?
Total mass before (kg)* 635 (3.98-9.91) 6.78 (5.80-10.03) 0.387 ~0.19 (<054 10 0.22)°
Total mass after (kg)* 480 (3.29-6.97) 5.50 (4.61-6.26) 0.150 =035 (~0.68 t0 0.10)°

Within protocol comparisons

prvalue* <0.001 0.016

Rank biserial 1.00 (100 to 1.00)" 1,00 (1.00 to 1.00)"
Lean mass before (kg) 4.20 (2.64-5.72) 3.45(2.79-4.71) 0.020 0.50 (0.13 10 0.75)"
Lean mass after (kg) 3.90 (2.76-5.24) 3.41(2.90-4.59) 0.091 0.41 (-0.04100.72)"

Within protocol comparisons

pvalue ! <0.001 0.109

Rank biserial 0.94 (0.8 0 0.97)" 0.71(0.07 to 0.94)"
Fat mass before (kg) 1.95 (108-4.17) 3.33(2.08-5.79) 0.004 ~0.60 (~0.80 to ~0.27)’
Fat mass after (kg) 081 (0.20-1.60) 1.60(1.27-2.46) <0.001 ~0.95 (<098 to ~0.88)

Within protocol comparisons

pvalue ! <0.001 0.016

Rank biserial * 1.00 (1.00 to 1.00)" 1.00 (1.00 to 1.00)"
Bone mineral content before (g) 155 (96-221) 144 (104-201) 0456 0.16 (=0.25 10 0.52)°
Bone mineral content after (g) 141 (92-193) 123 (114-181) 0491 0.17(-0.2910 0.57)°
Within protocol comparisons

pvalue ! <0.001 0.047

Rank biserial * 1.00 (1.00 to 1.00)" 0.86 (043 10 0.97)"
Fat mass before (%) 329 (22-42%) 45% (34-54%) <0.001 ~0.80 (~091 to ~0.59)"
Fat mass after (%) 17% (5-25%) 31% (24-44%) <0.001 ~0.99 (~0.99 to ~0.96)'

protocol comparisons

prvalue <0.001 0016
Rank biserial * 1.00 (100 to 1.00)" 1.00 (100 to 1.00)"

Data are expressed as median (range). p-values are from Mann-Whitney tests comparing complete with partial weight reduction. *Effect size reported as rank biserial (with 95% confidence
terval) and interpreted according to Funder and Ozer (19): <0.05, tiny’; 0.05-0.10, very small; 0.10-0.20, smalls 0.20-0.30, medium; 0.30-0.40, large’s >0.40 very large’. *Total mass
represents the sum of lean mass, fat mass and bone mineral content as determined by dual-energy X-ray absorptiometry; please note that this measurement i always marginally less than mass
determined by electronic weigh scales (see start weight and final weight in Supplementary Table $1). ‘p-values are from Wilcoxon signed ranks tests comparing measurements taken before and
after weight reduction within each protocol. p-values <0.05 are indicated in bold.
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Criterion Dry diet Dry diet 22 Wet diet Wet diet 2*
3,394 keallkg 2,963 kallkg 620kallkg 677 kaallkg

ME content

Asfed® | Per1000kaal Asfed® Per 1.000keal Asfed® Per 1.000kcal Asfed® | Per1.000kal
Moisture 99 B 98 3 87 1352 89 1,237
Crude protein 402 ns 326 10 76 120 74 n2
Crude fat 97 B 87 29 19 31 23 3
Crude fiber 63 19 135 46 L4 B 12 17
Total dietary fiber 130 38 216 7 L6 2 14 21
Ash 76 2 81 27 L6 2 17 2
Arginine (g) 216 64 175 59 042 68 045 67
Histidine () 079 23 063 21 017 27 018 27
Isoleucine () 148 43 117 40 026 43 028 41
Methionine (g) 073 22 059 20 017 28 017 25
Metand cys (g) 132 39 103 35 030 49 030 45
Leucine (g) 308 91 248 84 055 89 059 88
Lysine (g) 171 50 122 41 048 77 050 74
Phenylalanine (g) 159 47 137 46 031 51 034 50
Phe and Tyr (g) 285 84 237 80 057 92 059 88
Threonine (g) 139 41 113 38 030 48 032 48
Tryptophan (g) 037 11 030 10 0.08 14 009 14
Valine (g) 177 52 142 48 037 59 040 58
Taurine (g) 019 06 024 08 017 28 013 19
Linoleic acid (g) 201 594 171 579 032 514 043 633
Arachidonic acid (g) 0.08 0.23 0.07 024 004 057 004 0.66
EPA and DHA (g) 015 0.45 0.16 054 001 010 001 012
Calcium () 126 370 126 427 025 398 027 396
Phosphorus (g) 115 339 109 3.66 021 336 021 316
Magnesium (mg) 86 253 76 257 14 20 12 175
Sodium (mg) 484 1425 542 1828 166 2673 160 2370
Potassium (g) 098 290 103 347 018 282 017 246
Chloride (mg) 953 2,808 1058 3571 189 3046 163 2412
Tron (mg) 168 9.4 143 484 31 496 31 464
Copper (mg) 16 47 17 57 04 65 03 45
Zine (mg) 176 518 174 587 29 474 32 476
Manganese (mg) 62 182 57 194 03 48 03 49
Selenium (jg) 36 105 34 116 9 137 10 155
Todine (g) 354 1,044 360 1215 a2 675 B 91
Vitamin A (RE) 786 2316 819 2765 1,585 25,548 1377 20343
Vitamin D3 (g) 23 69 24 8.0 06 9.1 07 97
Vitamin E (mg) 700 2062 91 2331 7 1,139 80 1183
‘Thiamine (mg) 162 477 165 557 239 3851 134 1973
Riboflavin (mg) 64 188 6.1 207 02 25 02 25
Pyridoxine (mg) 45 132 45 153 02 27 02 30
Niacin (mg) 19.1 564 200 67.7 20 326 26 385
Pantothenic acid (mg) 60 178 63 212 05 84 06 88
Cobalamin (jig) 166 490 169 572 11 170 14 22
Folic acid (ug) 1,109 3,267 2120 7,155 51 821 57 816
Biotin (pg) 336 989 339 1,143 75 121 6.5 97
Choline (mg) 302 891 314 1,060 49 787 64 947

‘Obesity Management, Royal Canin; *Satiety Weight Management, Royal Canin; *Obesity Management, Royal Canins ‘Satiety Weight Management, Royal Canin; expressed as grams per 100g;
DHA, docosahexanoic acid; DM, dry matter; EPA, eicosapentanoic acid; ME, metabolisable energy content, calculated using a predictive equation based on TDF; Met and Cys, methionine and
cysteine; Phe and Tyr, phenylalanine and tyrosine; TDF: total dietary fiber. ME: metabolisable energy content
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Nutrient NRC recommendation' ~ FEDIAF® Median (range) Number (%) below NRC* FEDIAF?

MR Al RA MR Al RA
Arginine () - 019 019 025 0.33(0.27-0.45) - 0(0) 00 00
Histidine (g) - 0.064 0.064 0.065 0,122 (0.098-0.169) - 0(0) 000) 0(0)
Tsoleucine (g) - on on [ 0.22(0.18-0.30) - 0 0 00
Methionine (g) 0033 - 0042 043 0.116 (0.091-0.160) 00 - 00 00
Met and cys (¢)* 0.067 - 0,084 0.085 0.204(0.159-0.279) 00 - 0 00
Leucine () - 025 025 026 045 (0.38-0.63) - 0 00 00
Lysine (g) 0.067 - 0,084 0085 0.268 (0.188-0.385) 00 - 00 00
Phenylalanine (g) - 009 0,099 0.1000 0.250 (0.203-0.346) - 0 0 00
Phe and Tyr (g) * - 038 038 038 0.4 (0.36-0.60) - 7(12) 7(12) 8(14)
Threonine (g) - 0.13 013 0.13 0.22(0.18-0.30) - 0(0) 0(0) 0(0)
Tryptophan (g) - 0032 0032 0033 0,058 (0.046-0.082) - 000) 0 00
Valine (g) - 013 013 0128 027 (0.22-038) - 0 0 00
Taurine (g) * 0.0079 - 0009 0050/0.025 00529 (0.0288-0.1186) 0(0) - 00 0(0)
Linoleic acid (g) - 014 014 013 030 (0.24-0.44) - 000) 00 00
Arachidonic acid (g) - 00005 00015 00015 0.0157 (0.0112-0.0286) - 0 0 00
EPA and DHA (9)* - 00025 00025 - 0,0239 (0.0109-0.0350) - 00 0 0(0)
Calcium (g) 0040 - 0071 0.100 0.222(0.160-0.303) 0(0) - 0(0) 0(0)
Phosphorus (g) 0035 - 0.063 0.064 0.190 (0.145-0.254) 00 - 0 00
Magnesium (mg) 49 - 95 100 132(10.6-17.5) 0(0) - 0(0) 0(0)
Sodium (mg) 160 - 167 190 989 (64.7-147.3) 0(0) - 0(0) 0(0)
Potassium (g) - 013 013 015 017 (0.12-0.23) - 20) 20) 8(14)
Chloride (mg) - 237 237 20 1786 (119.7-231.7) - 0(0) 00 0(0)
Tron (mg) - 198 198 200 289 (2.12-383) - 0(0) 00 0(0)
Copper (mg) - 0119 oy 0125 0.286 (0.208-0.407) - 0 00 0(0)
Zine (mg) - 19 19 19 30(22-39) - 00 00 00
Manganese (mg) - 0119 ony 0125 0937 (0.459-1.354) - 0(0) 00 0(0)
Selenitn (4g) - 695 695 650 6.35 (4.61-8.92) - @) | 202 33(57)
Todine (ug) 316 - 350 30 568 (41.7-77.6) 000) - 00 00
Vitamin A (RE)” - 198 27 250 319.8(122.6-1024.9) - 0 00 00
Cholecalciferol (ug) - 014 017 016 043 (0.31-0.63) - 000) 00) 0(0)
Vitamin E (mg) - 074 094 064 10.83 (7.46-15.13) - 0 0 0(0)
Thiamine (mg) - on o4 [ 054(0.25-1.56) - 0 0 00
Riboflavin (mg) - 0079 009 0.080 0891 (0.369-1.346) - 0 00 0(0)
Pyridoxine (mg) 0.05 - 0.06 014 0.67(0.30-0.99) 00 - 0 00
Niacin (mg) - 079 099 080 3.14(215-439) - 00 0 00
Pantothenic acid (mg) 0.1 - 014 014 097 (0.60-1.37) 00 - 00 00
Cobalamin (ug) - 044 056 044 259 (1.41-3.71) - 0(0) 00 00
Folic acid (ug) 15 - 19 29 306 (125-464) 0(0) - 0(0) 0(0)
Biotin (mg) - 15 19 15 487 (19.6-742) - 0(0) 00 00
Chaline (mg) 50 - 6 0 52 (39-69) 22(38) - 53(91) 51(88)

igures for each nutrient reported as stated units per kg ofideal bodywweight per day: Please note that figures are reported to the same number of decimal places a either the adequate intake
(AT), minimal requirement (MR) and recommended allowance (Ra) aslisted in the National Research Council report (). "Nutrtional requirements recommended by the Fédération
Européenne de ndustrie des Aliments pour Animaux Families (£); please note that the figures reported have been converted from SI units to US units to faclitate comparison with the NRC
2006 requirements. *Met and cys: methionine and cysteine. ‘Phe and tyr: phenylalanine and tyrosine. Please note that FEDIAF make separate recommendations for dietary taurine depending
on whether wet or dry foods fr cats in the current study, estimated taurine intake was compared with an individualized FEDIAF recommendation for that cat based on the proportion of wet
and dry food consumed. ‘EPA and DHA: eicosapentanoic acid and docosahexaenoic acid; "RE: retinol equivalents. Results are highlighted in bold for nutrients where intakes, in some cats,
were less than one or more of the thresholds assessed (NRC 2006 AL RA or MR, FEDIAE)
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Nutrient Complete weight Partial weigh Rank biserial?

reduction reduction

Arginine () 033(0.27-0.44) 032 (0.27-0.45) 0755 ~0.06 (~0.41 10 0.30)"
Histidine (g) 0.124(0.98-0.161) 0.119 (0.098-0.169) 0615 ~0.10 (~0.4410 0.27)°
Tsoleucine (g) 0.22(0.18-0.30) 0.21(0.18-0.30) 0917 —0.02(~0.37 10 0.33)*
Methionine (g) 0.116 (0.091-0.149) 0.117 (0.091-0.160) 0615 ~0.10 (<044 10 0.27)°
Met and cys (gF 0.205 (0.159-0.270) 0.203 (0.159-0.279) 0615 ~0.10 (~0.4410 0.27)°
Leucine (g) 0,46 (0.38-0.63) 044 (0.38-0.62) 0977 0.00(-0.3510 0.36)"

Lysine (g) 0.26 (0.188-0.380) 0.276 (0.188-0.385) 0684 ~008(-0.42100.28)"
Phenylalanine (g) 0.252(0.203-0.325) 0.245 (0.212-0.346) 0813 ~0.05 (03910 0.31)°
Pheand Tyr ()" 045 (0.36-0.58) 043 (0.37-0.60) 0.789 ~005 (<0401 0.31)"
Threonine (g) 0.22(0.18-0.28) 0.21(0.18-0.30) 0589 ~0.11 (<044 10 0.26)°
Tryptophan (g) 0.058 (0.046-0.077) 0.058 (0.046-0.082) 0642 ~0.09 (04310 0.27)"
Valine (g) 0.28(0.22-0.36) 026 (0.22-0.38) 0623 ~0.09 (~0.43100.27)"
Taurine (g)* 00529 (0.0288-0.1186) 0.0568 (0.0367-0.0956) 0813 ~0.05 (03910 0.31)°
Linoleic acid (g) 030 (0.25-0.41) 030 (0.024-0.44) 0917 ~0.02(-037100.33)"
Arachidonic acid () 00155 (0.0112-0.0259) 0.0168 (0.0112-0.0286) 0589 ~0.11 (<044 10 0.26)°
EPA and DHA (9)* 00234 (0.0109-0.0322) 0.0247 (0.0147-0.0350) 0769 ~0.06 (~0.40 10 0.30)"
Calcium (g) 0.222(0.160-0.259) 0.217 (0.183-0.303) 0977 0.00(~0.35 10 0.36)"

Phosphorus (g) 0.190 (0.145-0.235) 0.191 (0.156-0.254) 0932 ~0.02(-0.3710 0.34)"
Magresium (mg) 132106 132 (106-17.4) 0.902 ~0.03 (03810 0.33)"
Sodium (mg) 989 (64.7-132.2) 100.1 (83.7-147.3) 0.602 ~0.10 (~0.44 10 0.26)"
Potassium (g) 0.17(0.12-0.21) 017 (0.14-0.23) 0992 0.00(~036 10 0.35)"

Chloride (mg) 1798 (119.7-212.8) 1735 (147.1-231.7) 0842 ~0.04(-039100.32)"
Iron (mg) 290(2.12-3.42) 283 (236-3.83) 0917 ~0.02(~0.3710.0.33)"
Copper (mg) 0.286 (0.208-0.359) 0.286 (0.247-0.407) 0712 ~0.07 (04210 0.29)"
Zinc (mg) 30(22-36) 29(24-39) 0.887 ~0.03(-0.38 10 0.33)"
Manganese (mg) 0.918 (0.459-1.261) 0.975 (0.589-1.354) 0755 ~0.06 (~0.41 10 0.30)"
Seleniun (mg) 6.33(461-7.85) 637 (552-8.92) 0726 ~007 (-0.41 10 0.29)"
Todine (mg) 568 (41.7-723) 565 (42.0-77.6) 0726 ~0.07 (<041 10 0.20)"
Vitamin A (RE)” 319.8 (122.6-1024.9) 3373 (126.6-758.9) 0513 ~0.13 (<046 10 0.24)°
Cholecalciferol (ug) 042(031-0.52) 043 (0.37-0.63) 0784 ~0.05 (04010 0.31)°
Vitamin E (mg) 10.83 (7.46-14.09) 1099 (7.83-15.13) 0698 ~008(-0.42100.29)"
Thiamine (mg) 0.54(0.25-1.56) 0,62 (0.25-1.18) 0513 ~0.13 (=046 10 0.24)°
Riboflavin (mg) 0.877 (0.369-1.253) 0.966 (0.538-1.346) 0.887 ~0.03(-0.3810 0.33)"
Pyridoxine (mg) 0.6 (0.30-0.92) 0.71(041-0.99) 0842 ~0.04(-039100.32)"
Niacin (mg) 3.9 (2.26-4.39) 0.698 ~0.08 (~0.4210 0.29)"
Pantothenic acid (mg) 0,97 (0.60-1.28) 099 (0.67-1.37) 0.684 ~0.08 (~0.4210 0.28)"
Cobalamin (ug) 256 (1.41-3.45) 268 (1.69-3.71) 0755 ~0.06 (~0.41 10 0.30)"
Folic acid (ug) 302(125-432) 333 (185-464) 0902 —0.03 (<038 t0 0.33)"
Biotin (mg) 48.0(19.6-69.1) 532(293-74.2) 0917 ~0.02(~0.37100.33)"
Choline (mg) 52(39-64) 51(41-69) 0872 ~0.03 (038 10.0.33)"

Figures for each nutrient reported as median (range) stated units per kg’ of ideal bodyweight per day. Please note that figures are reported to the same number of decimal places aslisted in
the National Research Council report (7). See the legend to Table. 'p-values are from Mann-Whitney tests comparing complete with partial weight reduction. *Effect size reported as rank
biserial (with 95% confidence interval) and interpreted according to Funder and Ozer (19): <0.05, tiny’; 0.05-0.10, very small’ 0.10-0.20, small'; 0.20-0.30, mediu; 0.30-0.40, large'; 50.40
very large'."Met and cys: methionine and cysteine. ‘Phe and tyr: phenylalanine and tyrosine. *Please note that FEDIAF make separate recommendations for dietary taurine depending on
whether wet or dry foods forcats n the current study; estimated taurine intake was compared with an individualised FEDIAF recommendation for that cat based on the proportion of wet and
dry food consumed. “EPA and DHA: eicosapentanoic acid and docosahexaenoic acid; "RE: retinol equivalents.
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