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Body Condition Score (BCS) is an effective tool for assessing body weight and fat mass, as well as diagnosing obesity and abnormal weight loss. A method for visual assessment of BCS in cats would be useful to expand access for feline health and research. The goal of this study is to determine whether BCS can be accurately assessed solely from photographs of cats, and to measure inter-evaluator bias in visually assessed BCS. To do this, a set of online-sourced cat images was administered as a quiz to nine evaluators. Inter-evaluator bias was relatively low (mean ± SE = 0.35 ± 0.03) with ~50% complete agreement. To validate the results, a BCS was clinically assessed during routine wellness exams for 38 cats, enrolled, through palpation by one evaluator and visual assessment by all nine evaluators using photographs collected at the exam. The visual assessment of BCS deviated from the clinically assessed BCS by 0.61 ± 0.04, which was slightly higher than the deviation observed in the online-sourced image set. In both scenarios, the majority voting among all evaluators achieved the highest accuracy, demonstrating its effectiveness in reducing evaluator bias. Inter-evaluator bias caused a 15.5% misclassification between ideal and overweight BCS but 1.8% between ideal and obese, indicating minimal bias in diagnosing feline obesity. The ability to accurately assess BCS through photographic evaluation will enhance remote consultations in telemedicine and support large-scale epidemiological studies. This study has developed a method for evaluating and minimizing inter-evaluator bias in BCS assessments across diverse practitioners and settings, thereby improving consistency and comparability and improving our understanding and application of BCS as a tool for feline health.
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Introduction

The energy balance model of obesity outlines the pathogenesis of excessive food intake and lack of physical exercise that leads to expansion of adipose tissue, resulting in metabolic dysregulation (1). When excess body fat accumulates to the extent that it has adverse effects on health, it is termed obesity, a condition that is common in companion animals (2, 3). Feline obesity is a major epidemic that currently affects at least 45% of client-owned cats (4, 5) and is considered the second most common health problem in domestic cats in developed countries (6). It is linked to many systemic health conditions, including insulin resistance and type 2 diabetes mellitus (T2DM), dyslipidemia, neoplasia, urinary diseases, and respiratory diseases (2), and reduced lifespan (7). In many species BCS correlates with a number of physiologic processes, including glucose homeostasis and systolic blood pressure in companion animals (8), and meat, fiber, and milk quality in production animals (9–11).

BCS assessment is a critical piece of the physical exam in veterinary medicine to evaluate fat mass and health status in a variety of species. It was first described in horses to provide an objective score of physical measurements and body fat distribution that could be standardized across breeds (12). Over the years, it has been adapted to several species, including cattle (13, 14), dogs (15), poultry (9), exotic pets (16), wildlife (17–19), as well as domestic cats (7, 20, 21). For cats, the BCS assessment is based on a combination of visual and physical evaluation and commonly scored on a 9-point scale originally developed in 1997 (22). The scale creates a repeatable and reproducible a semi-quantitative assessment that correlates well with percent body fat as determined by dual-energy X-ray absorptiometry (DEXA) (20, 23). Typically, a score of 1 ~ 3 indicates that the animal is too thin or underweight, scores of 4 ~ 5 represent ideal body condition, 6 ~ 7 are overweight, and 8 ~ 9 are obese (20, 22, 23), though recent evaluation suggests that a BCS of 5–6 on a 9 point scale may be more consistent with ideal (7).

Regardless of the system used, BCS is an essential component of the patient evaluation in feline practice, providing a standardized method for assessing a cat’s body fat and overall health status. In both dogs and cats, BCS systems have been associated with life expectancy or longevity (7, 24), with scores below and above an ideal BCS negatively associated with survival and lifespan in cats (7). One study noted that even a change of one BCS score on the 5-point scale could impact feline life expectancy (24).

The most common use of BCS in companion animals in modern veterinary medicine is as a metric for increased fat mass as obesity is the most common nutritional problem in dogs, cats and many domestic and exotic pets (3) and can vary among different breeds with important impacts on health (21). In the context of obesity research, BCS serves as a fundamental metric for investigating and analyzing the prevalence, risk factors (6, 25), metabolic and microbiome correlates (26–28), molecular mechanisms (29), and consequences of excess body weight in domestic cats. In the original study establishing the 9-point BCS system, BCS demonstrated a Spearman’s correlation coefficient of 0.92 with percent body fat as determined by DEXA, and a correlation coefficient of 0.74 with body weight (22). The strong correlation with both fat percentage and body weight observed in this principal study supports the high validity and reliability of BCS as a measure of feline adiposity and overall body condition (22).

In addition to its well-established utility in evaluating obesity, BCS along with muscle scoring is equally valuable for assessing conditions at the opposite end of the weight spectrum. In clinical practice, abnormal weight loss is often indicative of underlying pathological conditions such as cancer and hyperthyroidism (20, 22). Regular assessment of BCS along with other metrics facilitates early identification of these diseases by detecting subtle or significant reductions in body condition that may precede overt clinical signs. Moreover, in cases of suspected animal cruelty or neglect/inadequate care, BCS assessments provide crucial evidence. Veterinary practitioners and animal welfare officers utilize BCS as a tool to substantiate claims of inadequate nutrition or improper care, by objectively quantifying the degree of malnutrition or emaciation thereby informing legal proceedings, interventions, and decisions regarding animal custody and rehabilitation (30–34). The implementation of routine BCS evaluations significantly enhances the capacity of veterinary professionals to address both clinical and welfare concerns associated with abnormal body weight loss, supporting informed decision-making and promoting improved health outcomes and welfare standards for animals.

Despite the established utility of BCS in feline health management, BCS assessments have several limitations as they are a semi-quantitative and subjective system that depends on the training and experience of the evaluator. The inter-evaluator variability, which may compromise the consistency and reliability of BCS assessed by different clinicians at various levels of training, has not been comprehensively addressed in cats (35, 36). Digital imaging for BCS assessment holds significant promise not only for telemedicine applications, but also for enhancing the feasibility and robustness of large-scale research studies. Nevertheless, the reliability of assessments based solely on images requires rigorous evaluations to ensure accuracy, consistency, and clinical adaptability. Therefore, the goals of this study are to determine whether BCS can be accurately assessed solely from photographs of cats, and to measure inter-evaluator bias in visually assessed BCS.



Materials and methods


Animals, body weight measurement, and BCS judgment

Thirty-eight client-owned cats were enrolled with owner’s consent through Auburn University Veterinary Clinic (see Supplementary Data S1 for breed, age, sex, and spay/neuter status). Cats were recruited during routine wellness examinations, vaccinations, or nutritional consultations. All subjects were adults aged 6 months or older. Cats that had received antibiotics or been hospitalized within the previous 3 months were excluded from the study. BCS measurements were determined through clinical evaluations that included palpation. Evaluators were independently recruited for their experience in general practice and feline medicine and research or for their interest in feline medicine as professional students and included a total of 9 independent evaluators from Auburn University College of Veterinary Medicine, including 5 clinicians (2 community practice clinicians with over 5 years of experience, DVM, DABVP, 1 feline specialist, DVM, and 2 feline obesity research clinicians, DVM, PhD, DACVP) and 4 doctor of veterinary medicine (DVM) students (first- and second-year students recruited through the Student Feline Veterinary Medical Association club). These scores are designated as CA-BCS (Clinically Assessed Body Condition Scores). Prior to the beginning of this study, a training session (see training slides in Supplementary Data S2) was held for the 4 DVM students to familiarize them with the 9-point scale metric for cat BCS measurements (22). Body weight was also measured for these 38 cats at the time of BCS judgment (Supplementary Data S1). The study was approved by the Auburn University Institutional Animal Care and Use Committee (IACUC) with protocol number PRN 2022–4059.



Study design of BCS assessment from visual cues only

Two sets of cat images, designated as BCS test sets (BTS)1 and BTS2, were compiled to create two BCS assessment quizzes for evaluating the inter-evaluator bias in BCS visual assessment. The same 9 BCS judges in this study were asked to assess the BCS of the BTS1 set (internet-sourced images) prior to the initiation of this study in April 2022. Criteria for internet sourced images included images of cats with clear and unobstructed views of the cat from the dorsal or lateral projections. Additionally, the judges also evaluated the BTS2 set February 2024, based solely on photographs of the 38 enrolled cats, approximately 2 years after the completion of the CA-BCS assessment. In BTS2 two images from each cat were used for visual assessment, including photographs taken directly above the cat (from the dorsal aspect) and from the side (lateral aspect). All images were taken either by the owner or the evaluator within 48 h of clinical assessment.



BCS test set 1

A total of 46 cat photographs were collected from various online sources to create the BTS1 dataset for BCS evaluation (Supplementary Data S3). To ensure data integrity and validate scoring consistency, duplicate image pairs were created for 4 cats. These duplicates were generated by flipping or cropping the original images and altering the background color (see IDs in Supplementary Table S1). These modified images were randomly inserted into the stack, resulting in a total of 50 cats in the BTS1 collection (Supplementary Data S3). BTS1 was administered to 9 evaluators, who were asked to provide BCS judgments based on these images along with their confidence level (Supplementary Data S4, S5). Confidence levels were provided by each evaluator to gage their level of certainty of their own assessment for each cat. A confidence level A was selected if the evaluators are 100% confident in their single BCS score (recorded as 5 = 5 in the raw data). Level B was used for cases where two adjacent scores were considered equally likely (recorded as 5 = 6) for the evaluator. If the evaluator was unsure about two adjacent scores but leaned toward one, Level C is recorded (noted as 5 > 6). The keys (putative correct judgments) were determined based on the BCS judgments from Scorers A and B, both of whom are senior clinicians. Senior clinicians are defined as clinicians with at least 5 years of experience specializing in feline practice and feline research. These BCS measurements, determined solely through visual assessment, are defined as VA-BCS (Visual Assessment-based Body Condition Scores).



BCS test set 2

BTS2 contains photographs of 38 client-owned cats (obtained with consent), which were taken from both the top and side views during routine wellness visits at Auburn University veterinary clinic or provided directly by the owners. Two photographs were duplicated and altered to ensure data integrity and validate scoring consistency (image pairs 4 ~ 33 and 11 ~ 23, see Supplementary Data S1), and the final BTS2 set consists of photographs of 40 cats. CA-BCS of these 38 cats was already determined by one of the 9 evaluators. Approximately 1 year after the study concluded, the same 9 evaluators assessed the BTS2 set solely based on the photographs without any additional information to obtain 9 VA-BCS per cat (Supplementary Data S6). This allowed for comparisons of assessments using clinical assessment and visual assessment only and then reviewing the visual assessment scores after an extensive period of time and in a new arrangement. Of these, the VA-BCS determined by the original clinical scorer, who judged CA-BCS a year earlier, was defined as VA-BCS_OCS (Visual Assessment-based BCS from the Original Clinical Scorer). VA-BCS_OCS represents a reassessment of the CA-BCS by the same scorer after a one-year interval, based solely on photographs.



Obesity diagnosis for client-owned cats

The CA-BCS assessments of 38 client-owned cats ranged from 4 to 9. Scores of 4 ~ 5 were classified as normal, representing ideal body weight (IW). Scores of 6 ~ 7 were diagnosed as overweight (OW) but not obese, while scores of 8 ~ 9 were diagnosed as obese (OB) (20, 22, 23).



Statistical analysis

Mean deviation of VA-BCS from the key assessment and the standard error were performed using the statistical software package R, version 3.6.3 (37). Spearman’s rank-order correlation coefficients between body weight and BCS assessment across different scorers and approaches, and inter-assessment correlations, as well as their p values were calculated using the cor.test function in the R programming environment. To compare the differences between repeated BCS assessments, the non-parametric Wilcoxon signed-rank tests were performed using the wilcox.test function in R (38, 39). Mann–Whitney U test was used to compare two groups of BCS deviations between BTS1 and BTS2 datasets (40). For VA-BCS assessed by nine scorers, a majority vote (VA-BCS_MA) scored was generated as another metric for final decision-making, which was determined by the most frequent value of BCS among the nine VA-BCS scores (Figure 1). Concordance of VA-BCS assessment between scorers was estimated by Kendall’s coefficient of concordance W using the function kendall in R package irr (41). To compare two dependent Spearman’s correlation coefficients, the R function twoDcorR was used with 5,000 bootstrap (42). Plots in all figures were generated using the ggplot2 package in R (43).
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FIGURE 1
 Feline body condition score (BCS) assessments of 50 internet-sourced cat images in BTS1 by 9 evaluators. (A) Nine evaluators grouped by their clinical experience: senior clinicians in feline health (Scorers A and B), Clinicians (Scorers C, D, and E), and DVM students (Scorers F, G, H, and I). (B) Scatterplot illustrates the correlation between the BCS assessments of Scorer A and Scorer B for the cat images in BTS1 cohort (BCS Test Set). The strong positive correlation (Spearman’s correlation coefficient ρ = 0.922, p-value < 0.00001) suggests high consistency between the assessments of these two senior clinicians in feline health. (C) Schematic table demonstrating the majority vote score metric, which is defined as the most common score among evaluators. In cases where there is a tie, the remaining scores are used to resolve it and determine the final score. (D) Barplots depict the distribution of deviations in BCS assessments compared to the judgments by Scorers A and B, which serve as the answer key in judging other scorers/ evaluations. Each subpanel represents a different scorer (C, D, E, F, G, H, and I) to show the percentage of assessments that deviated from Scorers A/B by −2, −1, 0, 1, or 2 points. (E) Bland–Altman plot illustrating the agreement between the average visually assessed BCS scores from the seven evaluators (Scorers C-I) and the closest reference BCS (Scorer A or B) across 50 internet-sourced cat images. The solid horizontal line indicates the mean difference between the evaluator and reference BCS, reflecting minimal systematic bias. The dashed lines represent the limits of agreement (±1.96 standard deviations), highlighting the range within which most differences fall.





Results


BTS1 demonstrates low inter-evaluator bias of visually assessed BCS using internet-sourced cat images

For the internet-sources cat images in BTS1 (see Materials and Methods; Supplementary Data S3), a Spearman’s correlation of 0.922 (p < 0.001) between senior clinicians’ (clinicians specialized in feline practice and research; see Materials and Methods) assessments (Figures 1A,B), was observed indicating a high level of agreement and reliability. Thus, senior clinician judgments (BCS range 1 ~ 9 with a median of 6) were used as the answer key to evaluate the other seven scorers’ performance and consistency. Additionally, the majority vote was defined as a statistical measure of BCS among this group of 9 evaluators, by identifying the most frequent BCS assessment (Figure 1C and Supplementary Data S5). Variability in VA-BCS assessments was observed among different scorers (Figure 1D). However, it is noteworthy that more than 50% of the evaluations showed no deviation from the scores provided by the senior clinicians (scorers A/B). Among all VA-BCS evaluations, 29% demonstrated an absolute deviation of 1 point, 2.9% exhibited an absolute deviation of 2 points, and no assessments exhibited deviations of 3 or more points (Figure 1D). Three clinicians (Scores C, D, E) had a mean deviation of 0.45 with a standard error of the mean (SEM) of 0.08, whereas the four DVM students had a mean ± SEM of 0.28 ± 0.07 (Table 1). To evaluate inter-evaluator concordance, Kendall’s coefficient of concordance (W) was calculated for the VA-BCS scoring matrix and yielded a value of 0.903 (p < 0.001), indicating a high degree of agreement among the 9 evaluators as visualized in the Bland–Altman plot (Figure 1E). This low level of among-scorer variability indicated that all evaluators were able to assess BCS in a consistent manner, similar to the experienced senior clinicians. Notably, the majority vote can further enhance the consistency of BCS assessment, with more than 90% of the vote agreed perfectly with senior clinicians’ judgment (Figure 1D). The majority vote score had the best performance with a mean ± SEM of 0.08 ± 0.04 (p < 0.05, compared to all other Scorers, Wilcoxon signed-rank test; Table 1).


TABLE 1 Performance of BCS visual assessment in terms of deviation from senior clinical evaluations (BTS1) and clinical assessment of BCS for nine evaluators.


	
	BTS1
	BTS2



	Scorer
	Deviation (mean ± SE)
	P-value
 (compared to vote)
	Deviation (mean ± SE)
	P-value (compared to clinical scorer’s deviation)*

 

 	Scorer A 	n/a 	n/a 	0.47 ± 0.10 	0.5577


 	Scorer B 	n/a 	n/a 	0.50 ± 0.10 	0.4662


 	Scorer C 	0.48 ± 0.08 	0.00002 	0.61 ± 0.13 	0.2405


 	Scorer D 	0.38 ± 0.08 	0.00068 	0.82 ± 0.15 	0.0237


 	Scorer E 	0.50 ± 0.06 	0.00002 	0.66 ± 0.12 	0.0995


 	Scorer F 	0.26 ± 0.07 	0.00869 	0.53 ± 0.12 	0.4992


 	Scorer G 	0.28 ± 0.07 	0.00825 	0.61 ± 0.12 	0.1709


 	Scorer H 	0.22 ± 0.07 	0.04125 	0.68 ± 0.13 	0.0989


 	Scorer I 	0.32 ± 0.07 	0.00254 	0.63 ± 0.10 	0.0768


 	Vote 	0.08 ± 0.04 	n/a 	0.42 ± 0.09 	0.7212





*Deviation (mean ± SE 0.39 ± 0.10; N = 38 client-owned cats) between clinical scorers’ evaluation from visual assessment in 2024 and their evaluation from palpation in 2022.
 



Validation of low BCS assessment bias using photographs of client-owned cats

CA-BCS in the BTS2 dataset (Figure 2A) has a range from 4 to 9 with a median score of 6. To determine whether the low inter-evaluator bias persisted in VA-BCS assessments of client-owned cats, Kendall’s W was calculated and found to be 0.788 (p < 0.001), indicating good level of concordance among the 9 scorers (Figures 2B,C). Reliability of their scoring was assessed by deviation of the VA-BCS from the CA-BCS. The mean ± SEM of deviation was 0.61 ± 0.04 for 9 scorers combined, which was higher than the deviation observed in BTS1 by 0.09 (p < 0.001, Mann–Whitney U test). The VA-BCS values assessed by the original clinical scorer (VA-BCS_OCS) had the smallest deviation to CA-BCS, with a mean ± SEM of 0.39 ± 0.10 (Figure 2B and Table 1), which was not significantly different from the BTS1 assessment (p = 0.72, Mann–Whitney U test). The majority vote (VA-BCS_MV) had the smallest mean deviation from CA-BCS (0.42) compared with all 9 individual scorers (Table 1), and VA-BCS_MV demonstrated comparable performance as VA-BCS_OCS (p = 0.78, Mann–Whitney U test; Figure 2).
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FIGURE 2
 Clinically assessed BCS (CA-BCS) through palpation of 38 client-owned cats compared to visual assessments (VA-BCS) by 9 evaluators. (A) Schematic illustrations of the study design. BTS1 (BCS test set 1) images were administered to 9 evaluators shortly after the training session in April 2022. Client-owned cats were enrolled in this study between April 2022 and April 2023. At enrollment, CA-BCS was assessed through palpation in clinical settings by 1 scorer, who was known as the Original Clinical Scorer (OCS). After the conclusion of the enrollment period, BTS2 dataset consisting photographs of 38 client-owned cats from top and side view angles were compiled. BTS2 was administered to the same 9 evaluators to collect VA-BCS data (9 scorers per cat) in April 2024, 2 years after BTS1 assessment. VA-BCS_MV refers to the majority vote among the 9 scores. VA-BCS_OCS refers to the VA-BCS assigned by the original clinical scorer (OCS) who previously determined the CA-BCS during the clinical evaluation. (B) Barplots illustrate the distribution of deviations between CA-BCS and VA-BCS evaluated by each scorer (A-I), the majority vote of the 9 scorers (VA-BCS_MA), and the VA-BCS determined by the original clinical scorer (VA-BCS_OCS). The x-axis represents deviation categories ranging from −4 to +3, while the y-axis denotes the percentage of VA-BCS assessments within each category. (C) Bland–Altman plot comparing the mean VA-BCS for 9 evaluators with CA-BCS for 38 cats. The solid line represents the mean difference between VA-BCS and CA-BCS, indicating minimal bias between the two assessments. The dashed lines represent the 95% limits of agreement (±1.96 SD).




Both palpation-based and visual BCS assessments demonstrate strong correlations with body weight

In the BTS2 dataset, body weight was measured concurrently with the CA-BCS evaluation (see Materials and Methods), enabling the investigation of the association between body weight and BCS. Despite the considerable variability in age, sex, and breed among the client-owned cats in the BTS2 dataset (Supplementary Data S1), their body weight exhibited a strong correlation with CA-BCS (Spearman’s ρ = 0.732, p < 0.001; Figure 3A), which is in remarkably close agreement with the correlation reported by Laflamme (Spearman’s ρ = 0.737). (22) This strong correlation with body weight justified the use of CA-BCS data in this study to serve as a benchmark for evaluating the performance of VA-BCS in BTS2 dataset.
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FIGURE 3
 Correlation between visual assessments-based body condition scores (VA-BCS), clinically assessed BCS (CA-BCS), and body weight measurements in 38 client-owned cats. (A) Scatterplot illustrates the correlation between CA-BCS (x-axis) and body weight (y-axis). Spearman’s correlation coefficient ρ and p value were computed. A fitted linear regression line is plotted in blue. (B) Correlation matrix summarizing the relationships among BCS assessments and body weight across different scorers and scoring methodologies. Variables are arranged from top to bottom and left to right in the following order: VA-BCS from 9 individual scorers (Scorers A through I), the majority vote (VA-BCS_MV), the original clinical scorer’s VA-BCS assessment (VA-BCS_OCS), clinically assessed BCS (CA-BCS), and body weight. The lower-left triangle displays the strength of pairwise Spearman’s correlation coefficients using color intensity and circle size, whereas darker and larger circles indicate stronger correlations. The corresponding numerical values of these correlation coefficients are presented in the upper-right triangle. In the CA-BCS column, correlations of VA-BCS scores not significantly different from VA-BCS_OCS are shown in blue (p > 0.05, bootstrap test of two Spearman’s ρ, overlapping case). In the body weight column, correlations of VA-BCS scores not significantly different from CA-BCS are shown in red (p > 0.05). Statistically significant differences are indicated in black with asterisks denoting the level of significance: *p < 0.05; **p < 0.01; ***p < 0.001. This matrix highlights the robustness of visual BCS assessments across scorers and their strong concordance with both CA-BCS and body weight.


VA-BCS assessments conducted by 9 scorers all demonstrate strong correlation with CA-BCS (all ρ > 0.73, p < 0.001; Figure 3B), which are consistent with the high level of concordance and low inter-evaluator bias observed (Figure 2C) These findings reinforce the validity and reliability of VA-BCS as a proxy for palpation-based assessment across different evaluators. The majority vote (VA-BCS_MV) has the strongest correlation with CA-BCS (ρ = 0.91, p < 0.001; Figure 3B), which was comparable magnitude to that of VA-BCS_OCS, which is assessed by the original clinical scorer (p = 0.81, bootstrap test of two Spearman’s ρ, overlapping case). VA-BCS assessments from Scorers A, B, E, F, G, and I demonstrate similarly high correlations with CA-BCS, ranging from 0.82 to 0.87, with no statistically significant differences from either VA-BCS_OCS or VA-BCS_MV (p > 0.05 for all comparisons; Figure 3B). These findings indicate that the majority vote, as well as most of the individual scorers, performed equivalently to the original clinical scorer in VA-BCS assessments. As expected, CA-BCS exhibits the highest correlation with body weight among all BCS metrics (Figure 3B). Consistently, VA-BCS assessments also demonstrate statistically significant positive correlation with body weight. Specifically, VA-BCS_OCS, the visual assessment performed by the original clinical scorer, shows a strong correlation with body weight (ρ = 0.72, p < 0.001; Figure 3B), comparable to that of CA-BCS (p = 0.81, bootstrap test of two Spearman’s ρ). VA-BCS scores derived from majority vote and each of the 9 individual scorers are also significantly correlated with body weight, with correlation coefficient ρ ranging from 0.52 and 0.69 (p < 0.001; Figure 3B). Among these, scorers A, B, D, and G demonstrate performance comparable to CA-BCS, with ρ of 0.69, 0.66, 0.59, and 0.62, respectively (p > 0.05, bootstrap test of two Spearman’s ρ). Notably, their performance is equivalent to the majority vote approach, with a correlation coefficient of 0.64.

Deviation in BCS from solely visual assessment does not alter the clinical diagnosis of obesity

Next, the reliability of VA-BCS in clinical diagnosis of overweight and obesity was assessed. Based on CA-BCS, 39.5% of the client-owned cats in BTS2 had ideal weight (IW, BCS 4 ~ 5; Figure 4A). Of the remaining cats, 28.9% were diagnosed as obese (OB, BCS 8 ~ 9), and 31.6% were diagnosed as overweight but not obese (OW, BCS 6 ~ 7). Across the 9 individual scorers, deviations in VA-BCS from CA-BCS resulted in an average misclassification rate of 15.5% between IW and OB/OW categories (Figure 4B), which was generally reliable but with a considerable margin of error. The majority vote had a misclassification rate of 7.9%, outperforming individual scorers; however, this improvement did not achieve statistical significance (p = 0.30, Fisher’s Exact Test). In feline obesity research, ideal weight (IW) is often compared with the obese (OB) group. Consequently, the misclassification rate between these two categories was evaluated. On average, the 9 individual scorers had a misclassification rate of only 1.75%, with no cats being misclassified between IW and OB categories by Scorer A, B, H, I, or majority vote (Figure 4C). This extremely low misclassification rate between IW and OB indicates a high level of accuracy and reliability in diagnosing feline obesity using VA-BCS.
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FIGURE 4
 Clinical diagnosis shifts in body condition score (BCS) categories based on clinically assessed BCS (CA-BCS) and visual assessments-based BCS (VA-BCS). (A) Bar plot showing the distribution and diagnostic categories of CA-BCS for client-owned cats in the BTS2 dataset: Ideal Weight (IW, BCS 4 ~ 5, blue bars), Overweight (OW, BCS 6 ~ 7, yellow bars), and Obese (OB, BCS 8 ~ 9, orange bars). The percentage of cats (y-axis) is plotted for in each BCS category (x-axis). Arrows in the top panel illustrate potential misclassifications (subpanels B and C) between categories when evaluated through VA-BCS. (B) Horizontal bar plot showing the shifts in clinical diagnosis between CA-BCS and VA-BCS, highlighting transitions between IW and OW/OB categories. Bars represent the percentage of cats with no diagnostic change (gray) or shifts in diagnosis (blue: IW-to-OW/OB, orange: OW/OB-to-IW) for VA-BCS of each evaluator (A ~ I), the majority vote (MV), and the original clinical scorer (OCS). (C) Horizonal bar plot showing the shifts in clinical diagnosis between CA-BCS and VA-BCS, highlighting transitions between IW and OB categories. Bars represent the percentage of cats with no diagnostic change (gray) or shifts in diagnosis (blue: IW-to-OB, orange: OB-to-IW) for VA-BCS of each evaluator (A ~ I), the majority vote (MV), and the original clinical scorer (OCS).




Impact of photograph angle on VA-BCS misclassification: examples from duplicated cat images

To evaluate whether the angle of photographs influences the visual assessment of BCS, two duplicated pairs with varying angles were incorporated into the BTS2 dataset (see Materials and Methods). The first pair comprises Image #4 and Image #33 of a female calico cat with a CA-BCS of 5 (Figure 5A). The majority votes, BCS score 5 for Image #4 and score 6 for Image #33, perfectly aligned with the VA-BCS_OCS assessments (Figure 5A). This suggests that while variations in photographs influenced VA-BCS judgments, the overall impact remained minimal (less than 1) and consistent across different scorers (Figure 5A).

[image: Two sections, A and B, each contain tables and images of cats paired by image numbers. Section A features a calico cat with scores in the table for images #4 and #33, showing variations in scores A to I and votes. Section B displays a black cat with similar evaluation details for images #11 and #23. Each section specifies additional metrics: CA-BCS, BW, and OCS scorer.]

FIGURE 5
 Variability of visual assessments-based body condition scores (VA-BCS) in duplicated image pairs from the BTS2 dataset. (A) VA-BCS and majority vote for duplicated pair 1 (Images #4 and #33) from a female calico cat with a clinically assessed BCS (CA-BCS) of 5 and a body weight (BW) of 4.72 kilograms (kg). Scorer B is the Original Clinical Scorer (OCS). Individual Scorers A ~ I performed VA-BCS assessments, as shown in the table. Image #4 received a majority vote of 5, consistent with the CA-BCS and VA-BCS_OCS. In contrast, Image #33 scored slightly higher, with a majority vote of 6 and a VA-BCS_OCS of 6. The side-view image for Image #33 highlights a broader body profile, which may account for the higher VA-BCS scores compared to Image #4. (B) VA-BCS and majority vote for duplicated pair 1 (Images #11 and #23) from a male black cat with a CA-BCS of 9 and a BW of 9.21 kg. Scorer C is the OCS. Individual Scorers A ~ I performed VA-BCS assessments, as shown in the table. Image #11 received a majority vote of 7 and a VA-BCS_OCS of 6, which was lower than the CA-BCS of 9, suggesting an underestimation. Conversely, Image #23 achieved both a majority vote and a VA-BCS_OCS of 8, closely aligning with the CA-BCS. The differences in scoring between these images may be attributed to variations in the side-view angles. Image #11 depicts the cat in a bent posture, which obscures the visibility of abdominal fat deposits, potentially leading to an underestimation of BCS. In contrast, Image #23 provides a clearer side profile that better highlights the characteristic “small head syndrome” commonly observed in obese cats, resulting in a more accurate assessment of BCS.


In contrast, a male black cat exhibited the largest deviation between CA-BCS and VA-BCS_OCS among all 38 client-owned cats, with a CA-BCS of 9 and body weight of 9.21 kg (Figure 5B). Two sets of photographs of this cat, Image #11 and Image #23, were included in the BTS2 dataset. Image #11 received a majority vote of 7 and a VA-BCS_OCS of 6, which was lower than the CA-BCS of 9, suggesting an underestimation. Conversely, Image #23 achieved both a majority vote and a VA-BCS_OCS of 8, closely aligning with the CA-BCS. The differences in scoring between these images may be attributed to variations in the side-view angles. Image #11 depicts the cat in a bent posture, which obscures the visibility of abdominal fat deposits, potentially leading to an underestimation of BCS. In contrast, Image #23 provides a clearer side profile that better highlights the characteristic “small head syndrome” commonly observed in obese cats, resulting in a more accurate assessment of BCS. Image #23 was assigned a BCS of 8 by both the majority vote and the VA-BCS_OCS assessments (Figure 5B), demonstrating perfect consistency and no misclassification in the diagnosis (as an OB cat). Cat breed, age and coat color varied in images of cats in BTS 1 and 2. Most of the cats in both data sets were short hair cats with one image of a long-haired cat included in BTS1 and two long-haired cats included in BTS2. There were too few cats with long hair coats to evaluate the effect of hair coat length on visual assessment. Our data provides some insight into the impact on coat length and color on visual assessment of BCS; however future studies are needed to better address these questions.




Discussion


BCS based on visual assessments alone: reliability, robustness, and limitations

BCS assessed by veterinarians in a clinical setting demonstrates a stronger correlation with percent body fat mass than with actual body weight (20), making BCS important in routine evaluation of health in particularly susceptible populations such as domestic cats. In this study, we aimed to assess the extent to which visual cues contribute to BCS judgments, as reflected by the reliability of VA-BCS assessed from cat images compared to CA-BCS evaluations conducted through actual palpation. We identified strong correlations between VA-BCS and CA-BCS across client-owned cats, suggesting that VA-BCS is a robust and reliable proxy for accurately estimating true CA-BCS. Besides, high degree of concordance of VA-BCS among scorers further supports the broader adoption of the VA-BCS method in practice. In terms of correlation with actual body weight, CA-BCS demonstrated the strongest association, reinforcing the utility of palpation-based assessments in accurately reflecting an animal’s physical condition. VA-BCS_OCS, the visually assessed BCS assigned by the same evaluator who previously determined the CA-BCS in a clinical setting, demonstrated the second-highest correlation with body weight. This result is expected, as VA-BCS_OCS evaluators had prior direct interaction with the cats, potentially incorporating additional contextual information into their assessments. Notably, VA-BCS assessments from two-thirds of the evaluators (three clinicians and three DVM students) exhibited correlation strengths comparable to VA-BCS_OCS, indicating that their visual assessments performed as accurately as those of the original clinical scorer. Furthermore, nearly 50% of evaluators (three clinicians and one DVM student) demonstrated VA-BCS correlations with body weight that were statistically similar to CA-BCS, suggesting that trained professionals can achieve reliable BCS evaluations through visual assessments alone. In this study, none of the cats had a BCS less than 4 which means we were not able to fully assess the process in cats that are underweight. An additional limitation of this study is the use of body weight as the main parameter for body composition instead of fat mass in clinically assessed cats. Overall, the strong agreement between the two methods of BCS assessment supports the feasibility and validity of VA-BCS as a practical alternative to palpation-based BCS, particularly in cats that are obese.

Previous studies have attempted to estimate body composition from photographs in dogs, and similar to the findings in this study showed that in experienced observers, there is moderate to good correlation between the visual BCS and body composition (44). The canine study also demonstrated that factors such as age, sex, breed, coat length and coat color did not significantly affect the visually assess BCS. Interestingly this study also included 5 non-veterinary trained observers highlighting the importance of training for veterinary health professionals (44). Ultimately, our study is the first to evaluate the use of VA-BCS as an effective method for assessing BCS in domestic cats, and our findings support its potential applications in both clinical practice and research settings.



Inter-evaluator bias in BCS scoring may influence the outcomes of feline obesity research, contingent upon the specific experimental design

In this study, we identified significant inter-evaluator bias in VA-BCS assessments, with average deviations ranging from 0.52 to 0.83. These findings are similar to what is reported in interobserver variability in other species. Notably, the observed level of bias in this study is lower than initially anticipated, with a nominal average deviation of less than 1 point and a statistically significant deviation below 2 points. Therefore, we recommend a minimum BCS difference of 2 points when comparing groups in feline obesity studies to ensure reliable and meaningful distinctions. Furthermore, inter-evaluator bias influenced diagnostic categorization in feline clinical practice, resulting in a 15% misclassification rate between the IW category (BCS 4 ~ 5) and the OW/OB category (BCS ≥ 6). However, when distinguishing between ideal weight and obesity (BCS 8 ~ 9), misclassification occurred in fewer than 2% of cases, indicating that inter-evaluator bias has a minimal impact on the diagnosis of obesity, even when VA-BCS assessments are conducted by multiple veterinary professionals. These findings align with what has been previously reported in other species (13, 44) and affirms the utility of VA-BCS as a trustworthy diagnostic approach for feline health, capable of supporting accurate clinical decision-making and robust research endeavors.



Reduction of inter-evaluator variability of VA-BCS: training and standardization procedures

In research and clinical practice, several approaches can be applied to reduce the inter-evaluator bias. First of all, the development and implementation of comprehensive training sessions ensure that all evaluators attain a uniform understanding of the feline BCS system. In this study, DVM students participated in a one-hour training session and performed equally well to clinicians. Previous studies reported greater interobserver bias, but also included observers that lacked any professional veterinary training, underscoring the importance of adequate training of students in BCS assessments (44). A set of training slides specifically designed for the 9-point scale BCS evaluation is included in Supplementary Data S2. Second, internet-sourced cat images (BTS1) can be utilized as a calibration dataset to identify evaluators’ tendencies to overestimate or underestimate VA-BCS. Evaluators who consistently produce outliers can be identified and retrained to enhance the overall accuracy and reliability of the VA-BCS assessments. Third, we believe that high-quality photographs captured under standardized conditions could significantly enhance the consistency of VA-BCS evaluations. In this study, we demonstrated that the angle of the photograph adversely affected the VA-BCS judgment for a male black cat, leading to potential misclassification. While coat color and length were not reported to be impactful in previous studies in dogs (44), we feel these variables and additional factors including image quality may also impact visual BCS classification in cats. Therefore, implementing a uniform imaging protocol, including multiple consistent angles, such as top, front and side views, as well as standardized lighting and image resolution, along with appropriate observer training, will minimize variability in VA-BCS assessments, thereby improving the reliability and accuracy of body condition evaluations across different evaluators and settings. Finally, we demonstrated that the majority vote method achieved the highest performance by significantly reducing the deviation of VA-BCS from CA-BCS. We would recommend that a committee assessment with majority vote be used when making important research and clinical decisions that rely on BCS assessment. As a score aggregation approach, this consensus-based method effectively mitigates individual bias to achieve more reliable BCS assessments. Additionally, cat images can be collected and stored in the medical record, allowing multiple veterinary professionals to evaluate the same set of images and determine the majority vote as the final assessment as well as compare changes in individual cats over time. Digital image analysis has been successfully implemented in ruminant medicine with methods to reduce interobserver bias in BCS assessment (13, 14, 45–47), providing groundwork for the use of automated assessment in companion animals.



Potential clinical applications of VA-BCS

The current clinical standard for BCS evaluation, CA-BCS, remains the most reliable method for semi-quantifying the body conditions in cats. This study compared the most clinically feasible tool to assess body conditions (CA-BCS) with a method (VA-BCS) that has value in BCS assessment when palpation is not feasible, allowing greater flexibility for the patients, clients, and clinicians. Cats are notoriously challenging to position and handle in clinical settings without specifically trained and experienced personnel. While acquiring high quality photographs can be a limiting factor for some owners, regulations for certain quality photos are likely important for future applications. In this study we did not provide detailed instruction for owners or clinicians on the image acquisition process. We only requested photos from the dorsal and lateral views. This created some limitations with certain photos. Regardless, there was still good correlation with the physical assessment suggesting that image quality may not be as significant a factor. Defining best practices for photograph angles, lighting, and resolution may be essential for ensuring consistency and clinical applicability across diverse veterinary settings with further studies needed to evaluate how these factors may affect visual BCS assessments, overall. These findings demonstrate that VA-BCS serves as a highly accurate and reliable alternative, with an average deviation from CA-BCS of less than one point. VA-BCS are particularly useful in the following scenarios: (1) telemedicine applications: in remote consultations where physical palpation is not feasible, VA-BCS provides a practical alternative for assessing body condition; (2) long-term health monitoring: when feline patients were examined by clinicians over time, photographic record based VA-BCS could be used as a tool to reduce individual bias and temporal bias and improve consistency in BCS evaluations; (3) consensus-based assessment: VA-BCS enables multiple clinicians to review the same set of images, facilitating majority vote methods that enhance reliability and minimize variability. Despite these advantages, further research is required to establish a standardized imaging protocol that optimizes the accuracy of visual BCS assessments.



Future directions: machine learning approaches for automated image analysis in VA-BCS assessment

Our research has demonstrated the accuracy of VA-BCS assessments from veterinarians, providing a benchmark for integrating artificial intelligence technologies, such as machine learning (ML) algorithms, for automated image analysis systems to infer BCS. We intend to establish a comprehensive database of client-owned cat images, sourcing data both locally from our small animal teaching hospital and through images collected via a mobile application. This mobile application will deliver a computational inference of BCS to users/submitters, utilizing ML models. Such ML models will be developed to account for breed-specific morphological variations, anatomical landmarks in differentiate BCS categories, photograph angles and lighting conditions, to improve the accuracy of BCS assessments. A proportion of the dataset will include CA-BCS measurements, and we will have local veterinarians perform VA-BCS assessments on selected cat images to enhance the accuracy and efficacy of our ML model. Continuous validation refinement of the ML model through iterative training and cross-validation with CA-BCS data will ensure its robustness and generalizability across diverse feline populations, ultimately achieving comparable performance to senior clinicians in assessing cat BCS. The ML model will become an objective and reliable tool for BCS inference, facilitating remote veterinary consultations in telemedicine without the need for physical palpation. It can be integrated into pet video camera systems for continuous BCS monitoring, thereby enabling the systematic tracking of feline health conditions. Additionally, the ML approaches can support large-scale epidemiological studies through the rapid analysis of vast numbers of images, achieving scalability of research efforts aimed at understanding feline obesity trends and associated risk factors.




Data availability statement

The original contributions presented in the study are publicly available. Supplemental Data S1–S6 are available in the open-access AUrora repository (https://doi.org/10.35099/n3w5-p894).



Ethics statement

The animal studies were approved by the Auburn University Institutional Animal Care and Use Committee (IACUC). The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent was obtained from the owners for the participation of their animals in this study.



Author contributions

EG: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Supervision, Validation, Writing – original draft, Writing – review & editing. CL: Data curation, Investigation, Methodology, Writing – review & editing. DD: Data curation, Investigation, Methodology, Writing – review & editing. EC: Data curation, Investigation, Methodology, Writing – review & editing. XM: Data curation, Investigation, Methodology, Writing – review & editing. JZ: Data curation, Formal analysis, Investigation, Methodology, Writing – review & editing. YZ: Data curation, Investigation, Methodology, Writing – review & editing. EB: Data curation, Investigation, Methodology, Writing – review & editing. KK: Data curation, Investigation, Methodology, Writing – review & editing. MH: Data curation, Investigation, Methodology, Writing – review & editing. CP: Data curation, Investigation, Methodology, Writing – review & editing. HH: Data curation, Investigation, Methodology, Writing – review & editing. QL: Conceptualization, Investigation, Writing – review & editing. DM: Conceptualization, Investigation, Supervision, Writing – review & editing. XW: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This study was supported by Auburn University College of Veterinary Medicine Animal Health and Disease Research, Auburn University Intramural Grant Program (180254), Scott-Fund from Scott-Ritchey Research Center, and EveryCat Health Foundation (EC22-023) to XW. XM is supported by an Elanco Animal Health Fellowship. YZ was supported by the Auburn University Presidential Graduate Research Fellowship and the Auburn University College of Veterinary Medicine Dean’s Fellowship.



Acknowledgments

We thank Auburn University Easley Cluster for the computational support of this work.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be perceived as a potential conflict of interest.

The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.



Generative AI statement

The author(s) declare that no Gen AI was used in the creation of this manuscript.



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.



References
	 1. Magkos,F, Sorensen,TIA, Raubenheimer,D, Dhurandhar,NV, Loos,RJF, Bosy-Westphal,A , et al. On the pathogenesis of obesity: causal models and missing pieces of the puzzle. Nat Metab. (2024) 6:1856–65. doi: 10.1038/s42255-024-01106-8
	 2. German,AJ. The growing problem of obesity in dogs and cats. J Nutr. (2006) 136:1940S–6S. doi: 10.1093/jn/136.7.1940S
	 3. German,AJ, Woods,GR, Holden,SL, Brennan,L, and Burke,C. Dangerous trends in pet obesity. Vet Rec. (2018) 182:25. doi: 10.1136/vr.k2
	 4. Ohlund,M, Palmgren,M, and Holst,BS. Overweight in adult cats: a cross-sectional study. Acta Vet Scand. (2018) 60:5. doi: 10.1186/s13028-018-0359-7
	 5. Sandoe,P, Palmer,C, Corr,S, Astrup,A, and Bjornvad,CR. Canine and feline obesity: a one health perspective. Vet Rec. (2014) 175:610–6. doi: 10.1136/vr.g7521
	 6. Rowe,EC, Browne,WJ, Casey,RA, Gruffydd-Jones,TJ, and Murray,JK. Early-life risk factors identified for owner-reported feline overweight and obesity at around two years of age. Prev Vet Med. (2017) 143:39–48. doi: 10.1016/j.prevetmed.2017.05.010
	 7. Teng,KT, and McGreevy,PD. Toribio J-AL, Raubenheimer D, Kendall K, Dhand NK: strong associations of nine-point body condition scoring with survival and lifespan in cats. J Feline Med Surg. (2018) 20:1110–8. doi: 10.1177/1098612X17752198
	 8. Vitor,RC, and Oliveira,JTS. Navarro AWdM, Lima ACR, de Oliveira GMS, Munhoz AD, Sevá AdP, Guedes PEB, Carlos RSA: body condition scores in cats and associations with systolic blood pressure, glucose homeostasis, and systemic inflammation. Vet Sci. (2024) 11:151. doi: 10.3390/vetsci11040151
	 9. Gregory,N, and Robins,J. A body condition scoring system for layer hens. N Z J Agric Res. (1998) 41:555–9. doi: 10.1080/00288233.1998.9513338
	 10. Pryce,JE, Coffey,MP, and Simm,G. The relationship between body condition score and reproductive performance. J Dairy Sci. (2001) 84:1508–15. doi: 10.3168/jds.S0022-0302(01)70184-1
	 11. Rathbun,FM, Pralle,RS, Bertics,SJ, Armentano,LE, Cho,K, Do,C , et al. Relationships between body condition score change, prior mid-lactation phenotypic residual feed intake, and hyperketonemia onset in transition dairy cows. J Dairy Sci. (2017) 100:3685–96. doi: 10.3168/jds.2016-12085
	 12. Henneke,D, Potter,G, Kreider,J, and Yeates,B. Relationship between condition score, physical measurements and body fat percentage in mares. Equine Vet J. (1983) 15:371–2. doi: 10.1111/j.2042-3306.1983.tb01826.x
	 13. Mullins,IL, Truman,CM, Campler,MR, Bewley,JM, and Costa,JH. Validation of a commercial automated body condition scoring system on a commercial dairy farm. Animals. (2019) 9:287. doi: 10.3390/ani9060287
	 14. Truman,CM, Campler,MR, and Costa,JH. Body condition score change throughout lactation utilizing an automated BCS system: a descriptive study. Animals. (2022) 12:601. doi: 10.3390/ani12050601
	 15. Dorsten,CM, and Cooper,DM. Use of body condition scoring to manage body weight in dogs. Contemp Top Lab Anim Sci. (2004) 43:34–7.
	 16. Frankenberger,J, Ballouard,J-M, Caron,S, Zablotski,Y, and Kölle,P. Body condition scoring facilitates healthcare monitoring in Hermann’s tortoises (Testudo hermanni ssp.). PLoS One. (2024) 19:e0301892. doi: 10.1371/journal.pone.0301892
	 17. Wenker,E, Kendrick,E, Maslanka,M, and Power,M. Fat scoring in four sparrow species as an estimation of body condition: a validation study. J Field Ornithol. (2022) 93:273–79. doi: 10.5751/JFO-00119-930205
	 18. Labocha,MK, and Hayes,JP. Morphometric indices of body condition in birds: a review. J Ornithol. (2012) 153:1–22. doi: 10.1007/s10336-011-0706-1
	 19. Reamer,LA, Neal Webb,SJ, Jones,R, Thiele,E, Haller,RL, Schapiro,SJ , et al. Validation and utility of a body condition scoring system for chimpanzees (Pan troglodytes). Am J Primatol. (2020) 82:e23188. doi: 10.1002/ajp.23188
	 20. Bjornvad,CR, Nielsen,DH, Armstrong,PJ, McEvoy,F, Hoelmkjaer,KM, Jensen,KS , et al. Evaluation of a nine-point body condition scoring system in physically inactive pet cats. Am J Vet Res. (2011) 72:433–7. doi: 10.2460/ajvr.72.4.433
	 21. Murphy,B, Stevenson,M, and Mansfield,C. Bodyweight and body condition scores of Australian British shorthaired cats, 2008–2017. Front Vet Sci. (2023) 10:1241080. doi: 10.3389/fvets.2023.1241080
	 22. Laflamme,D. Development and validation of a body condition score system for cats: a clinical tool. Feline Pract. (1997) 25:13–8.
	 23. Mawby,DI, Bartges,JW, d’Avignon,A, Laflamme,DP, Moyers,TD, and Cottrell,T. Comparison of various methods for estimating body fat in dogs. J Am Anim Hosp Assoc. (2004) 40:109–14. doi: 10.5326/0400109
	 24. Montoya,M, Morrison,JA, Arrignon,F, Spofford,N, Charles,H, Hours,M-A , et al. Life expectancy tables for dogs and cats derived from clinical data. Front Vet Sci. (2023) 10:1082102. doi: 10.3389/fvets.2023.1082102
	 25. Wall,M, Cave,NJ, and Vallee,E. Owner and cat-related risk factors for feline overweight or obesity. Front Vet Sci. (2019) 6:266. doi: 10.3389/fvets.2019.00266
	 26. Okada,Y, Kobayashi,M, Sawamura,M, and Arai,T. Comparison of visceral fat accumulation and metabolome markers among cats of varying BCS and novel classification of feline obesity and metabolic syndrome. Front Vet Sci. (2017) 4:17. doi: 10.3389/fvets.2017.00017
	 27. Ma,X, Brinker,E, Graff,EC, Cao,W, Gross,AL, Johnson,AK , et al. Whole-genome shotgun metagenomic sequencing reveals distinct gut microbiome signatures of obese cats. Microbiol Spectr. (2022) 10:e0083722. doi: 10.1128/spectrum.00837-22
	 28. Li,Q, and Pan,Y. Differential responses to dietary protein and carbohydrate ratio on gut microbiome in obese vs. Lean Cats Front Microbiol. (2020) 11:591462. doi: 10.3389/fmicb.2020.591462
	 29. Takashima,S, Nishii,N, Kato,A, Matsubara,T, Shibata,S, and Kitagawa,H. Molecular cloning of feline resistin and the expression of resistin, leptin and adiponectin in the adipose tissue of normal and obese cats. J Vet Med Sci. (2016) 78:23–8. doi: 10.1292/jvms.15-0233
	 30. Merck,M. Veterinary forensics: animal cruelty investigations. Hoboken (NJ): John Wiley & Sons (2012).
	 31. Rogers,E, and Stern,AW. Veterinary forensics: investigation, evidence collection, and expert testimony. Boca Raton (FL): CRC Press (2017).
	 32. Arkow,P. Recognizing and responding to cases of suspected animal cruelty, abuse, and neglect: what the veterinarian needs to know. Vet Med. (2015) 6:349–59. doi: 10.2147/VMRR.S87198
	 33. Harvey,AM, Beausoleil,NJ, Ramp,D, and Mellor,DJ. A ten-stage protocol for assessing the welfare of individual non-captive wild animals: free-roaming horses (Equus Ferus Caballus) as an example. Animals. (2020) 10:10. doi: 10.3390/ani10010148
	 34. Linstadt,J, Thone-Reineke,C, and Merle,R. Animal-based welfare indicators for dairy cows and their validity and practicality: a systematic review of the existing literature. Front Vet Sci. (2024) 11:1429097. doi: 10.3389/fvets.2024.1429097
	 35. Santarossa,A, Parr,JM, and Verbrugghe,A. Assessment of canine and feline body composition by veterinary health care teams in Ontario. Can Vet J. (2018) 59:1280.
	 36. Shoveller,AK, DiGennaro,J, Lanman,C, and Spangler,D. Trained vs untrained evaluator assessment of body condition score as a predictor of percent body fat in adult cats. J Feline Med Surg. (2014) 16:957–65. doi: 10.1177/1098612X14527472
	 37. Team RC. R: a language and environment for statistical computing. Vienna (Austria): R Foundation for Statistical Computing (2013).
	 38. Bauer,DF. Constructing confidence sets using rank statistics. J Am Stat Assoc. (1972) 67:687–90. doi: 10.1080/01621459.1972.10481279
	 39. Hollander,M, Wolfe,DA, and Chicken,E. Nonparametric statistical methods. Hoboken (NJ): John Wiley & Sons (2013).
	 40. Mann,HB, and Whitney,DR. On a test of whether one of two random variables is stochastically larger than the other. Ann Math Stat. (1947) 18:50–60. doi: 10.1214/aoms/1177730491
	 41. Gamer,M, Lemon,J, Gamer,MM, and Robinson,A, Kendall’s W: package ‘irr’. Various Coeff Interrater Reliab Agreem (2012), 22:1–32. doi: 10.32614/CRAN.package.irr
	 42. Wilcox,RR. Comparing dependent robust correlations. Br J Math Stat Psychol. (2016) 69:215–24. doi: 10.1111/bmsp.12069
	 43. Wickham,H. ggplot2: Elegant graphics for data analysis Springer International Publishing (2016).
	 44. Gant,P, Holden,SL, Biourge,V, and German,AJ. Can you estimate body composition in dogs from photographs? BMC Vet Res. (2016) 12:18. doi: 10.1186/s12917-016-0642-7
	 45. Vieira,A, Brandao,S, Monteiro,A, Ajuda,I, and Stilwell,G. Development and validation of a visual body condition scoring system for dairy goats with picture-based training. J Dairy Sci. (2015) 98:6597–608. doi: 10.3168/jds.2015-9428
	 46. Xiong,Y, Condotta,I, Musgrave,JA, Brown-Brandl,TM, and Mulliniks,JT. Estimating body weight and body condition score of mature beef cows using depth images. Transl. Anim Sci. (2023) 7:txad085. doi: 10.1093/tas/txad085
	 47. Firdaus,F, Atmoko,BA, Ibrahim,A, Nugroho,T, Baliarti,E, and Panjono,P. A first meta-analysis study on body weight prediction method for beef cattle based on digital image processing. J Adv Vet Anim Res. (2024) 11:153–60. doi: 10.5455/javar.2024.k760


Copyright
 © 2025 Graff, Lea, Delmain, Chamorro, Ma, Zheng, Zhang, Brinker, Kittell, Hicks, Pfister, Hamilton, Li, Martin and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fvets-12-1604557-g005.jpg
A BTS2 duplication pair 1 (image #4 and #33, CA-BCS=5, BW= 4.72 kg, OCS is Scorer B)
[ |
image #4 5 5 5 5 6 5 5 5 6 5 5

image #33 6 6 i 6 7 5 6 7 6 6 6

B BTS2 duplication pair 2 (image #11 and #23, CA-BCS=9, BW=9.21 kg, OCS is Scorer C)
image #11 6 {4 6 8 9 8 7 1 7 7 6
image #23 8 8 8 7 7 9 8 47 1/ 8 8

image #11 image #23

o






OPS/images/fvets-12-1604557-g003.jpg
25,

8
8

Body weight (Ibs)
o

Spearman's p=0.732 P< 001"

4 5 6 7 8

CA-BCS (clinically assessed BCS)

>0.06 aa P> 008

(comaped 1 VA 05, 0G8) (comaeed o CA8CS)
VA-BCS_A 089 07807008 04 088 077 086 052  052] 087 060 a
VABCS_B @ 057 07 06 0% ass 0z o osa aot o7 0cs
VABCS_C 084 025 087 088 078 075 08| 085 078 052
VA-BCS_D 085 076 079 087 075 078 084 073 059 3
VABCS_E 084 028 070 081 085 088 083050
VABCS_F 089 078 083 052 083 07 032 A
VA-BCS_G 074 083 052 090 082 052 >
VA-BCS_H 077086077 078 059
VA-BCS_I 050|083 025 00 5

VA-BCS_MV 052 0s1l0ss

VA-BCS_OCS omlorz L

CA-BCS. @ @ |- s

Body weight D ®
<@ O0oWwuLOT >0z ©
Qo daad o oeZ88%2 °
S0 Q00 Q9 Q0 @9 T T cometon
22220220 20QT S e
< @
$55555385 28 3
Sg





OPS/images/fvets-12-1604557-g004.jpg
A OWioE-to:IW B Shiftin Clinical Diagnosis. C  Shittin Clinical Diagnosis
IW-to-OW/OB B w0008 B w008

1 owroB-to-w M oBto-aw
no change no change

OB-to-IW
oo S ooslll

IW-to-OB I ‘

Ideal weight | Overweight My L
aw) ow) o

H

Percetage of Cats in BTS2

4 5 6 7 8 ——T— T — T
Clinically Assessed BCS (CA-BCS) 0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Inter-evaluator bias and applicability of feline body condition score from visual assessment



		Introduction



		Materials and methods



		Animals, body weight measurement, and BCS judgment



		Study design of BCS assessment from visual cues only



		BCS test set 1



		BCS test set 2



		Obesity diagnosis for client-owned cats



		Statistical analysis









		Results



		BTS1 demonstrates low inter-evaluator bias of visually assessed BCS using internet-sourced cat images



		Validation of low BCS assessment bias using photographs of client-owned cats



		Both palpation-based and visual BCS assessments demonstrate strong correlations with body weight



		Impact of photograph angle on VA-BCS misclassification: examples from duplicated cat images









		Discussion



		BCS based on visual assessments alone: reliability, robustness, and limitations



		Inter-evaluator bias in BCS scoring may influence the outcomes of feline obesity research, contingent upon the specific experimental design



		Reduction of inter-evaluator variability of VA-BCS: training and standardization procedures



		Potential clinical applications of VA-BCS



		Future directions: machine learning approaches for automated image analysis in VA-BCS assessment









		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher’s note



		References



















OPS/images/fvets-12-1604557-g001.jpg
Scorer A ScorerB  Scorer C Scorer D Scorer E Scorer F Scorer G ScorerH  Scorer |

AAEEHBAB A

Senior Clinicians Clinicians DVM Students
in Feline Health
B Seearman'sp=0922 P<.001"*" C
o T Determine the Majority Vote and Resolve Ties
: EmED
g 7 . . 4 5 5 5
2
% 6 .. 4 4 4] @
; 5 . .. 4 4 4] 6
g 4 . - 41| |[E8 6 6]
e 2“
H
1 o
T2 34 56 7 8 8
D BCS Assessment (Scorer A)
2 il .
. 2| scorerc Scorer D Scorer E Scorer Scorer G Scorer H Scorer | Majority Vote
H
g
28
88
8
5
3
% 1)
2
= 1T e YNy AT e 2= 0 21012 2-1012 T i G ) 20 1
Distribution of BCS Deviations from Scorers A/B (N = 50 open-sourced cat images in BTS1)
E o +1.96SD,

Difference from the closest
senior clinician evaluation
0

Mean evaluation of BCS





OPS/images/fvets-12-1604557-g002.jpg
Percentage of BCS Assessment

Percentage of BCS Assessment

0% 20% 0% 0% 5% 0%

0

BCS training session
BTSH (pre-study quiz) administered in April 2022

CA-BCS: clinically assessed BCS
judged by 1 evaluator at enroliment (1 score / cat)

HEHRBABBEAE

BTS2 (post-study quiz): N=38 cat with photos, administeted in April 2024
VA-BCS: visually assessed BCS
judged based on cat photos (9 scores / cat)

@@&&@&&F@

VA-BCS_MV: majority vote of nine scorers
VA-BCS_OCS: VA-BCS by OCS (1 score / cat)

ocs the orginal clinical scorer
‘who did the CA-BCS in 2022

0% 20% Wk 0% 0% 6%

]

Difference from CA-BCS

VA-BCS_A VA-BCS_B VA-BCS_C VA-BCS_F
=] = = | - =
S 2-101 2z B-2-1012 32-10123 -432-101 32-1012 32-101 23
VA-BCS_OCS
VABCS_G VA-BCS_H VA-BCS_| VA-BCS_MV.

-
210123 =-2-10123 3210123 3210123 32-101 23
Distribution of BCS Assessment Deviation from Clinically Assessed BCS (CA-BCS)

+1.96SD

1

0

=1

Mean evaluation of VA-BCS





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

Inter-evaluator bias and
applicability of feline body
condition score from visual

assessment












OPS/images/crossmark.jpg
©

2

i

|






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






