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Computed tomography in the assessment of adiposity in dogs
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Abstract: Computed tomography (CT) is considered the gold standard for measuring visceral fat
in humans; however, there are few studies about its application in veterinary medicine. This study
aimed to investigate the efficacy of CT in the quantitative assessment of subcutaneous and visceral
fat in dogs undergoing whole-body examinations for diagnostic purposes. A total of 54 dogs were
evaluated and classified according to body condition score (BCS) into control (BCS 4-5; n = 19),
overweight (BCS 6; n = 13), and obese (BCS 7-9; n = 22) groups, and further subdivided into small-
sized (210 kg; n = 35) and large-sized (>10 kg; n = 19) dogs. All animals underwent screening blood
tests, anesthesia, and CT scanning. A strong correlation was observed among subcutaneous fat
measurements at different lumbar vertebrae, with L4 showing the strongest association. Principal
component analysis identified L4 as the vertebra that best explained data variability. Regression
analysis revealed that body weight was the only factor significantly associated with visceral and
subcutaneous fat in small-sized dogs; in large-sized dogs, no factor was statistically significant. No
significant difference was observed between sexes regarding visceral fat (p > 0.05); however, large-
sized males exhibited greater subcutaneous fat deposition. Age influenced subcutaneous fat only
in large-sized dogs. The study demonstrates that CT is an accurate and reliable method for the
morphometric assessment of obesity in dogs, enabling objective and segmental quantification of
subcutaneous and visceral fat, thereby contributing to tissue compartment analysis and improving
veterinary diagnosis and prognosis.
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Resumo: A tomografia computadorizada (TC) é considerada padrao ouro na mensuragao de gordura
visceral em humanos, porém ha poucos estudos sobre a sua aplicagdo na medicina veterinaria.
Este estudo teve como objetivo investigar a eficacia da TC na avaliagdo quantitativa da gordura
subcutanea e visceral de cdes submetidos a exames de corpo inteiro para fins de diagndstico.
Foram avaliados 54 caes, classificados conforme escore de condigdo corporal (ECC) em grupo
controle (ECC 4-5; n=19), sobrepeso (ECC 6; n=13) e obesos (ECC 7-9; n=22), e subdivididos em
pequeno porte (€10 kg; n=35) e grande porte (>10 kg; n=19). Todos os animais foram submetidos
a exames de sangue de triagem, anestesia e TC. Observou-se forte correlagéo entre as medidas
de gordura subcutdnea em diferentes vértebras lombares, sendo a L4 a mais forte. A andlise de
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componentes principais destacou a L4 como a vértebra mais explicativa da variabilidade dos dados.
A analise de regressao mostrou que o peso corporal foi o Unico fator significativamente associado
a gordura visceral e subcuténea de caes de pequeno porte; em cdes de grande porte, nenhum
fator foi estatisticamente significativo. Nao houve diferenga significativa entre os sexos na gordura
visceral (p>0,05), porém machos de grande porte apresentaram maior gordura subcutanea. A idade
influenciou a gordura subcutidnea somente em caes de grande porte. Este estudo demonstra que
a TC constitui um método acurado e confiavel para a avaliagdo morfométrica da obesidade em
caes, permitindo a mensuragao objetiva e segmentar da gordura subcutanea e visceral, o que pode
contribuir com a analise de compartimentos teciduais e com a melhoria de diagnéstico e progndstico
veterinario.

Palavras-chave: obesidade canina; gordura subcutanea; imaginologia veterinaria; gordura visceral.

1. Introduction

Obesity is a chronic, inflammatory, and multifactorial disease characterized by animbalance
between energy intake and expenditure, resulting in excessive adipose tissue deposition.
This condition is associated with metabolic, cardiovascular, and orthopedic comorbidities (2.
Considered a global public health problem in dogs and cats ©), obesity has raised increasing
concern among owners and veterinarians due to its exponential growth “-®. Companion animals
and their owners often share similar lifestyles as a result of anthropomorphism, which contributes
to obesity predisposition ?. Healthy dogs have a longer life expectancy and a lower incidence
of chronic diseases, such as diabetes mellitus and renal disease, compared with obese dogs ©.
Adiposity refers to the accumulation of adipose tissue in the body and can be measured using
direct or indirect methods. Understanding the distribution of visceral and subcutaneous fat in
dogs can contribute to elucidating the pathophysiology of obesity and improving diagnostic and
preventive strategies against the development of obesity. Total body fat quantification can be
performed with high accuracy and precision using specific software coupled with dual-energy X-ray
absorptiometry (DXA). However, DXA results may be influenced by the animal’s hydration status
(19 which represents a limitation of this method. As an alternative, computed tomography (CT) has
proven to be a viable tool, as it is minimally affected by hydration status, has greater equipment
availability 112, allows tissue differentiation ('®, and is considered minimally invasive ®. Moreover,
CT is widely recognized as the gold standard for visceral adipose tissue (VAT) assessment in
humans, enabling identification, differentiation, and analysis of fat compartmentalization and
deposition patterns (%),

Visceral adipose tissue is the fat located around internal organs and is strongly associated
with metabolic and hemodynamic impairments (4, largely due to its greater capacity to secrete
inflammatory cytokines compared with subcutaneous adipose tissue (SAT) (9. SAT, in turn, is
located beneath the dermis and above the deep subcutaneous muscle layer and is crucial in
energy storage and mechanical protection.

Understanding adipose tissue compartmentalization may elucidate mechanisms underlying
metabolic and cardiovascular diseases and other obesity-related comorbidities. Furthermore,
studying the distribution of visceral and subcutaneous fat can assist longitudinal monitoring of
body composition and contribute in evaluating the effectiveness of interventions such as dietary
management, physical activity, or medical treatments. Therefore, the aim of this study was to
analyze the applicability of computed tomography for the quantitative assessment of subcutaneous
and visceral fat deposition in dogs.
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2. Material and methods

The research project was approved by the Animal Use Ethics Committee (CEUA) of the
School of Agricultural and Veterinarian Sciences (FCAV/UNESP), Jaboticabal Campus, under
protocol no. 3934/202. Animal owners were informed about the study and signed an informed
consent form authorizing their dogs’ participation. Research was conducted with a total of 54
dogs, patients of All Vet's Hospital Animal (Pouso Alegre, Minas Gerais, Brazil), referred for routine
abdominal CT examinations for various clinical indications. Dogs with endocrine or oncological
diseases that could interfere with adiposity assessment were excluded. Eligible patients included
those with gastrointestinal inflammatory diseases, obstructions, investigation of urinary bladder or
prostate lesions, lumbar disc disease, and other conditions not affecting body adiposity.

All dogs underwent general clinical examination and hematological and biochemical
laboratory testing. Dogs older than six years also underwent cardiological evaluation
(electrocardiography and echocardiography) as part of pre-anesthetic assessment. Dogs were
classified according to body condition score (BCS) into control (BCS 4-5, n = 19), overweight
(BCS 6, n = 13), and obese (BCS 7-9, n = 22) groups. Subsequently, dogs were subdivided by
size: small-sized (<10 kg, n = 35) and large-sized (>10 kg, n = 19), with body weight adopted as
the criterion for statistical analyses. After clinical clearance, dogs were fasted for 12 hours and
water was withheld for 2 hours. Physical status classification followed the American Society of
Anesthesiologists (ASA) guidelines. Dogs classified as ASA | received intramuscular premedication
with dexmedetomidine (2 pg/kg) and methadone (0.2 mg/kg). Then, intravenous catheterization
(22G) was implanted in the cephalic vein, in the forelimb, for anesthetic induction with ketamine (1
mg/kg) and propofol (5 mg/kg). For ASA II/lll patients, premedication consisted of butorphanol (0.2
mg/kg) and acepromazine (0.03 mg/kg) intramuscularly, followed by intravenous catheterization
and induction with lidocaine without vasoconstrictor (1 mg/kg), ketamine (1 mg/kg), and propofol
(3 mg/kg).

After orotracheal intubation, anesthesia was maintained with isoflurane at 1 minimum
alveolar concentration (MAC), with continuous monitoring throughout the procedure and recovery.
For CT examination, dogs were positioned in dorsal recumbency with thoracic limbs extended
cranially and pelvic limbs extended caudolaterally. Images were acquired using a single-slice
helical CT scanner (GE Helical Single Slice). After scout acquisition and ROI definition of the
abdominal region, images were obtained using the following parameters: 100 mAs, 80 kV, 3-mm
slice thickness, pitch 1, and Standard and Soft acquisition protocols. Transverse images of the
lumbar region between vertebrae L3 and L6 were selected for analysis, as previously described
by Jang et al "2 Absolute and relative areas (cm? and cm) of subcutaneous and visceral fat were
measured. Relative area (cm?) represents the two-dimensional area of the selected region, while
absolute measurement (cm) corresponds to a linear dimension, such as the maximum diameter.
Pre-contrast images were used to assess adipose tissue structure and distribution, differentiating
SAT and VAT by manually delineating regions of interest (Figures 1 and 2). SAT was defined as
the area between the skin and the peritoneal cavity, whereas VAT was measured in three regions
with greater adipose deposition.

All selected vertebrae were evaluated at a minimum of three points, with results expressed
as relative (cm?) and absolute (cm) values (Figure 3).
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Figure 1. Measurement of the subcutaneous fat area (green area) on a transverse computed tomography
slice at the level of the sixth lumbar vertebra (L6) in a dog. The region of interest (ROI) was highlighted in green
using the RadiAnt DICOM Viewer software to obtain relative (cm?) and absolute (cm) fat measurements,

with delineation performed between the peritoneal cavity and the skin.

After completion of the examinations, the images were processed and evaluated using the
RadiAnt DICOM Viewer software, in which the measurements required to determine visceral and
subcutaneous fat (Figure 3) at the lumbar vertebrae L3, L4, L5, and L6 were performed.

,
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Figure 2. Representation of the assessment of the visceral fat area (green areas) on a transverse computed
tomography slice at the level of the fifth lumbar vertebra (L5) in a dog. The region of interest (ROI) was
highlighted in green using the RadiAnt DICOM Viewer software to obtain relative visceral fat measurements.

For the assessment of subcutaneous and visceral fat deposition, all selected vertebrae
were evaluated at a minimum of three points of interest, as shown in Figures 1 and 2, with relative
results expressed in cm? and absolute measurements expressed in cm.
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Figure 3. Transverse computed tomography section of the lumbar region of a dog at the level of the fourth
lumbar vertebra (L4), showing visceral fat deposition (red arrow) and subcutaneous fat deposition (yellow
arrow).

Spearman’s correlation coefficient was used to assess associations among measurements
across different vertebrae. Principal component analysis (PCA) was subsequently performed on
absolute and relative SAT and VAT measures to identify the vertebra that most contributed to
overall data variability. The vertebra with the highest factor loading on the first principal component
was selected and used as the dependent variable in multiple regression analyses to evaluate the
influence of age, sex, and neutering on fat accumulation.

3. Results

3.1 Descriptive analysis and correlation of fat measurements

Fat measurements were organized by type (visceral and subcutaneous) and anatomical
location (L3 to L6). Shapiro—Wilk testing indicated non-normal data distribution (Table 1),
justifying the use of Spearman’s correlation coefficient. Strong correlations were observed among
measurements at different vertebrae, particularly for relative subcutaneous fat (p = 0.95-0.98).
Correlations among visceral fat measurements were more moderate (p = 0.65-0.89), suggesting
regional variability in visceral fat deposition.

Table 1. Spearman correlation matrix among subcutaneous and visceral fat measurements (relative and
absolute) at lumbar vertebrae L3 to L6 in dogs.

Relative subcutaneous fat Relative visceral fat

L3 L4 L5 L6 L3 L4 L5 L6
L3 |1 0.98 0.98 0.95 1 0.89 0.84 0.79
L4 | 0.98 1 0.98 0.95 0.89 1 0.85 0.72
L5 | 0.98 0.98 1 0.96 0.84 0.85 1 0.71
L6 | 0.95 0.95 0.96 1 0.79 0.72 0.71 1

Absolute subcutaneous fat Absolute visceral fat

L3 L4 L5 L6 L3 L4 L5 L6
L3 |1 0.95 0.91 0.85 1 0.88 0.84 0.69
L4 | 0,95 1 0.94 0.85 0.88 1 0.86 0.65
L5 | 0.91 0.94 1 0.87 0.84 0.86 1 0.66
L6 | 0.85 0.85 0.87 1 0.69 0.65 0.66 1

Ciéncia Animal Brasileira | Brazilian Animal Science, v.27, 83372E, 2026.



Balbino, F C S et al., 2026.

3.2 Principal Component Analysis (PCA)

Principal component analysis (PCA) was conducted separately for each type of fat, and
was used to identify which vertebra was the most representative for estimating body fat deposition.
Table 2 demonstrates the loadings of the first principal component (PC1), which accounts for the
largest proportion of variance in the dataset.

PCAidentified L3 and L4 as the vertebrae with the highest contributions to total variance, with
L4 showing the highest loadings in most models (0.51-0.56). L6 showed the lowest contribution,
particularly for absolute visceral fat (0.38). These findings indicate that L4 measurements
adequately represent overall body fat deposition in dogs.

Table 2. Weight measurements of the first principal component (PC1) for each vertebra, considering different
types of fat.

Total Subcutaneous Subcutaneous Visceral Visceral
Absolute relative fat absolute fat relative fat absolute fat
Weight CP 1
L3 0.50 0.50 0.51 0.49 0.51
L4 0.51 0.50 0.51 0.53 0.56
L5 0.49 0.49 0.49 0.52 0.53
L6 0.49 0.50 0.49 0.45 0.38

3.3 Regression analysis: factors associated with body fat

Multiple linear regression analyses were stratified by size (small and big) and a significance
level of 5 % (p < 0.05) was designed. Fat measurements in the L4 vertebra were used as the
dependent variable. In small-sized dogs, body weight was significantly associated with both
visceral and subcutaneous fat (relative and absolute). Each additional kilogram increased absolute
visceral and subcutaneous fat areas by 1.65 cm? and 6.31 cm?, respectively (p < 0.01). In large-
sized dogs, males showed significantly greater subcutaneous fat deposition than females, and
neutering, age, and body weight also influenced subcutaneous fat accumulation. Table 3 presents
the regression effects of factors such as sex, neutering, body weight, and age, with dogs divided
into large and small breeds.
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Table 3. Estimates of regression coefficients for the factors sex, neutering, body weight, and age in large
and small breed dogs. SAT VAT.

Large-sized dogs

Coefficient VAT - Absolute  VAT- Relative  SAT- Absolute SAT - Relative
Intercept -12.09 0.70 -26.74 0.70 -269.67 0.09 -263.63
Sex (male) -3.16 0.83 -18.93 0.58 114.87 0.10 59.64
Neutering 7.46 0.54 37.80 0.29 -103.49 0.08 -78.68
Body weight 0.35 0.69 -0.09 096 11.17 0.06 9.34
Age -1.55 0.41 -5.10 0.30 18.78 0.06 12.27
Small-sized dogs

Coefficient Estimated P-Value

VAT - Absolute  VAT- Relative  TAS Absolute SAT - Relative
Intercept 2.53 0.51 0.07 0.98 17.22 0.32 2.20
Sex (male) 0.29 0.86 0.25 0.80 -10.39 0,17 -10.50
Neutering -0.83 0.63 -0.41 0.69 -0.86 091 152
Body weight 1.65 0.00 1.01 0.00 6.31 0.00 6.07
Age -0.23 0.39 -0.17 0.28 -1.15 0.33 -1.47

Visceral Adipose Tissue (VAT); Subcutaneous Adipose Tissue (SAT). Green-highlighted values represent
the estimated regression coefficients for each factor (gender, neutering, body weight and age on VAT and
SAT adipose tissue in large and small-sized dogs.

4. Discussion

Nagdo et al. ?® conducted a retrospective study with 90 dogs evaluating visceral fat
through whole-body analyses and found significant correlations between CT images and visceral
fat, corroborating the present study. Other authors have observed the superiority of CT over
conventional examinations, such as radiography, in differentiating subcutaneous and visceral
adipose tissue (9. In addition, studies by Bae and Oh 'V demonstrated the applicability of
tomography for evaluating body fat deposition and weight loss, reaffirming the effectiveness of the
method for diagnostic evaluation, monitoring and treatment of obesity.

Grillot et al. " highlighted, in their work, the correlation between the assessment of body
condition score in humans and the assessment of sarcopenia and obesity through the use of
computed tomography and stated that the measurement of only one cross-section in which L3
was used is sufficient to attest to the nutritional status of the patient, corroborating the present
research. It is noteworthy that, through the data obtained, even with racial and sex variation, the
L3 vertebra, and especially L4, showed a greater positive Spearman correlation with the presence
of exacerbated adipose tissue deposition, which corroborates studies carried out previously ©.

Thengchaisri et al. ® verified a positive correlation of visceral fat with heart disease in dogs.
They also observed, similarly to the present work, high precision in the tomographic assessment
of visceral fat. Gavin et al. ?" reported that men tend to accumulate more visceral fat, while women
deposit more subcutaneous fat. However, in the present study, it is possible to observe only a
difference in the deposition of subcutaneous fat in large dogs, in which males showed a tendency
to greater deposition when compared to females. Kim et al. and Jang et al. (1 '2 observed that sex
was not a determining factor in variation. However, for the body weight factor, in both sizes (small
and large), there is a positive correlation between weight and the amount of visceral fat, which was
not observed by Muller et al. ®, which suggests that breed variety is a highly relevant factor in the
analysis of fat distribution by CT.
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The findings of the present research for small dogs demonstrated that the distribution of
subcutaneous and visceral fat is uniform, corroborating with Turner 9. However, unlike his study,
age presented a positive correlation only in large dogs, both in relation to the age factor and to
whether they were intact or neutered, the latter representing the main difference in the deposition
of subcutaneous adipose tissue.

5. Conclusion

Computed tomography is an effective and reliable method for quantifying visceral and
subcutaneous fat in dogs, allowing precise differentiation of adipose compartments. Vertebra L4
was identified as a reliable marker of overall fat deposition, suitable for clinical and experimental
applications. Given the association between visceral fat accumulation and metabolic disorders,
CT-based adipose tissue compartment analysis is crucial for improving canine health, supporting
individualized treatment strategies, and preventing obesity-related complications.

Supplementary material (Available only in the online version: https://revistas.ufg.br/vet/article/view/83372)
Table S1. Morphometric Analyses of Dogs.
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