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ABSTRACT. In human medicine, computed tomography (CT) is the gold standard for visceral fat
measurement. Research shows that the visceral fat area (VFA) of the umbilical slice is significantly
correlated with the visceral fat volume (VFV). In veterinary medicine, however, few studies
have evaluated visceral fat using CT. This study aimed to evaluate the visceral fat in dogs using
CT images, and determine if the slice significantly correlated with VFV to simplify visceral fat
measurements. This retrospective study includes data on 90 dogs that underwent whole-body
CT scans for diagnostic purposes. VFV was calculated as the product of VFA and thickness in each
J. Vet. Med. Sci. CT slice; the correlation between VFV and VFA was analyzed at the level of each lumbar vertebra.
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In human medicine, epidemiological studies have determined an association between severe obesity and mortality due to
increased rates of cardiovascular disease and diabetes [15, 18, 19]. However, research shows that risk factors for cardiovascular
disease are not present in 30% of individuals with obesity [7]. Therefore, many studies reemphasize the clinical observation of
another earlier study that the distribution of fat tissue is the critical factor to consider when determining the relationship between
obesity and metabolic abnormalities [31]. Visceral obesity, defined as the excessive accumulation of visceral fat, has been reported
as a critical risk factor for diabetes mellitus, cardiovascular disease, dyslipidemia, and hypertension. [5, 22, 27] The visceral fat
secretes many bioactive substances, such as free fatty acids (FFAs), tumor necrosis factor-o (TNF-a), and angiotensinogen. FFAs
are reported to cause dyslipidemia by reducing the levels of high-density lipoprotein (HDL) cholesterol and increasing those of
low-density-lipoprotein (LDL) cholesterol [S]. TNF-a was found to contribute to the onset of diabetes mellitus by increasing the
insulin resistance with the involvement of glycogen synthase, phosphoenolpyruvate carboxykinase, glucose-6-phosphatase, activator
protein-2, acetyl-CoA carboxylase, and tyrosine aminotransferase [13]. Angiotensinogen, which is secreted in greater amounts in
the visceral fat than in the subcutaneous fat, is implicated in the pathogenesis of hypertension associated with visceral obesity [10].
Hence, the regional distribution of adipose tissue is considered to be more important than the total amount of body fat [27].

In veterinary medicine, obesity has been reported as a risk factor for endocrine, orthopedic, cardiorespiratory, and urinary tract
disorders [9]. Endocrine diseases, including diabetes mellitus, hypothyroidism, hyperadrenocorticism, and insulinoma, have been
associated with obesity [9]. Additionally, the incidence of both traumatic and degenerative orthopedic disorders is reported to be
increased in obese dogs; [6, 26] and obesity in small dogs exacerbates cardiorespiratory disorders, especially tracheal collapse
[34]. Visceral fat is considered to be more strongly associated with obesity-related diseases than is subcutaneous fat, due to the
differences in the metabolic and endocrine function of different adipose depots [1]. Presently, only two studies have clarified
the association between visceral fat and diseases in dogs. These studies determined that excess visceral fat is associated with
cardiovascular disease [28] and with hyperadrenocorticism [4].
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In human medicine, body fat is measured by dual-energy X-ray absorptiometry (DEXA), bioelectrical impedance analysis, air
displacement plethysmography, computed tomography (CT), quantitative magnetic resonance, and magnetic resonance imaging
[8]. For the measurement of visceral fat, however, CT is the gold standard [33]. It has been reported that the visceral fat area of
the umbilical CT slice is significantly correlated with the visceral fat mass [29], which, in human medicine, allows for visceral fat
estimation through analysis of the umbilical slice alone. In some veterinary medicine studies, both DEXA and the deuterium oxide
dilution method have been used as gold standards for total fat measurement [12]. The body condition score (BCS)—reported to
correlate well with body fat measured by DEXA [21]—is the most widely used method, in veterinary practice, for evaluation of
body fat. Notably, several prior studies have evaluated visceral fat using CT [12, 17, 23, 28]; however, slices of different levels
were used in each study, since it is not clear which slice shows the greatest correlation with the visceral fat mass in veterinary
medicine. The objective of this study was to evaluate visceral fat in dogs using CT images and to determine which slice is
significantly correlated with the visceral fat volume (VFV) to simplify the visceral fat measurement.

MATERIALS AND METHODS

Study design

This is a retrospective study that includes dogs, referred to the Veterinary Medical Center of the University of Tokyo from
May through July 2018, that underwent whole-body CT scans for diagnostic purposes. The animals were included in the study,
regardless of the type of disease. We obtained informed client consent from the owners of all animals. Since there was an
insufficient number of dogs of BCS 1 and BCS 5 categories, we additionally included dogs meeting those requirements; these
animals were referred to the medical center from August 2017 through March 2018. The following characteristics were analyzed:
breed, sex, age, body weight, and BCS (Scale from 1 to 5).

Computed tomography

An 80-row multi-slice CT scanner (Aquilion Prime; Canon Medical Systems Corp., Tochigi, Japan) was used for imaging. The
dogs were fasted for more than 12 hr before the CT scan. Scanning was performed with the dogs positioned in a prone position on
the CT table, while under general anesthesia. Scanning settings were 120 kV, 50-300 mA, 0.5 sec tube rotation time, 65.0 helical
pitch, 240.0-500.0 mm field of view, and a 512 x 512 matrix.

Body fat assessment

OsiriX DICOM Viewer (Pixmeo SARL Inc., Bernex, Switzerland) was used for body fat analysis. The analysis was performed
from the top of the diaphragm to the anus. On each CT transverse image, (Fig. 1A) fat was identified based on the attenuation range
of =135 to —105 Hounsfield units (HU) of fat [12]. The pixels with an attenuation range of —135 to —105 HU were colored green
(Fig. 1B). The region of interest (ROI) was marked by surrounding the visceral cavity based on the abdominal wall musculature [12],
and then, we measured the visceral fat area (VFA) and the subcutaneous fat area (SFA) (Fig. 1C). Hence, VFA was defined as the
fat area inside the abdominal musculature, and SFA was defined as the fat outside the abdominal wall musculature. We performed
fat separation in each 6 mm slice, and calculated VFV as the product of the VFA and thickness, and calculated subcutaneous fat
volume (SFV) as the product of the SFA and thickness [36]. In summary, the definition of VFV is the fat volume in the abdominal
cavity, and the definition of SFV is the fat volume outside the abdominal cavity from the top of the diaphragm to the anus.

We examined the correlation between VFV and VFA, and between SFV and SFA at the levels of each lumbar vertebra (L1 to L7),
in the slice covering the middle part of the vertebra.

Visceral fat analysis
Visceral fat weight in whole-body (VFW) was calculated using equation (1), to account for body size differences, where the
density of fat tissue (d) was 0.923 g/cm’ [11].
VFW (kg)=VFV (cm?) x d/1,000 (1)
Then, VFW was converted into VF% using equation (2).
VF% was defined as the ratio of VFW to body weight in the whole body (BW).
VF%=VFW (kg)/BW (kg) x 100  (2)

To easily evaluate the visceral fat mass, we used the visceral fat area percentage (VFA%), which was calculated by dividing
VFA by body area (BA) in each transverse image, as in equation (3) [16]. VFA% was defined as the ratio of VFA to BA in each
transverse image.

VFA%=VFA (cm?)/BA (cm?) x 100 (3)

Statistical analysis

Statistical analysis was performed using the JMP Pro statistical software program (SAS Institute Inc., Cary, NC, U.S.A.).
Pearson’s correlation coefficient was used to determine the correlations between VFV and VFA; SFV and SFA; VF% and VFA%.
Spearman’s rank correlation coefficient was used to determine the correlation between VFA% and BCS. A P-value of less than 0.05
was considered statistically significant.
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Fig. 1. Measurement of visceral fat. (A) Representative L3 level com-
puted tomography (CT) image of a dog with body condition score
(BCS) 3. (B) Fat tissue was colored green using an attenuation range
of =135 to —105 Hounsfield units (HU). (C) Fat tissue was differenti-
ated into visceral fat and subcutaneous fat based on the abdominal
wall musculature. The yellow line represents the abdominal wall
musculature.

RESULTS

Animals

Ninety dogs were included in this study. Of these, 36
were neutered males, 30 were spayed females, 14 were
intact males, and 10 were intact females. There were 10
Miniature Dachshunds, 8 Chihuahuas, 8 mix-breed dogs, 5
Pomeranians, 5 Yorkshire Terriers, 3 Golden Retrievers, 3
Miniature Schnauzers, 3 Jack Russell Terriers, and 45 other
breeds. The median age was 10 years (range, 5 months to 15
years). The median BCS was 3 (range, 1 to 5; mean, 3.16),
with 3 dogs assigned a BCS of 1, 8 dogs assigned a BCS of
2,56 dogs assigned a BCS of 3, 17 dogs assigned a BCS of
4, and 6 dogs assigned a BCS of 5. The mean body weight
was 9.06 kg (range, 1.2 to 41 kg).

Relationship between VFV, SFV and cross-sectional
area

The mean total fat area was highest in the L3 slice (L1:
31.67 cm?, L2: 39.15 cm?2, L3: 40.54 cm?, L4: 39.15 cm?,
L5: 37.65 cm?, L6: 35.37 cm?, L7: 30.39 cm?). The mean
visceral fat area was also highest in the L3 slice (L1: 15.22
cm?, L2: 19.96 cm?, L3: 21.43 cm?, L4: 19.62 cm?, L5:
15.91 cm?, L6: 11.24 cm?, L7: 7.36 cm?), whereas the mean
subcutaneous fat area was highest in the L6 slice (L1: 16.45
cm?, L2: 19.19 cm?, L3: 19.11 cm?, L4: 19.53 cm?, L5:
21.74 cm?, L6: 24.13 cm?, L7: 23.03 cm?).

The correlation between VFV and VFA at the level
of each lumbar vertebra is presented in Fig. 2. The VFA
was significantly correlated with the VFV at all vertebral
levels (P<0.05; L1: r=0.799, L2: r=0.882, L3: r=0.964,
L4: 1=0.940, L5: r=0.938, L6: r=0.929, L7: r=0.890), with
the highest correlation observed at the L3 level (r=0.964).

SFA was significantly correlated with SFV (P<0.05;
L1: r=0.971, L2: r=0.966, L3: r=0.958, L4: r=0.953, L5:
r=0.954, L6: r=0.930, L7: r=0.901), with the highest
correlation observed at the L1 level (r=0.971).

Evaluation of visceral fat

Since the highest correlation between the VFA and VFV
was observed at the L3 level, we calculated the VEA% in
the L3 slice and analyzed its correlation with the VF%.
We found that the VFA% in the L3 slice was significantly
correlated with the VF% (P<0.05; r=0.930) (Fig. 3).

We also analyzed the correlation between the VFA% in
the L3 slice and BCS (Fig. 4). The BCS demonstrated a
positive correlation with VFA%, but the correlation was
not strong (P<0.05; rs=0.523).

DISCUSSION

We analyzed the correlation between VFA and VFV to
determine which slice showed the greatest correlation with
the VFV, in order to simplify visceral fat measurement. The
VFA of the L3 slice was found to have the highest correlation
with the VFV. In dogs, the position of the umbilicus varies
by breed; however, it is generally considered to be located
around the L3 cross-section [17]. Hence, our findings are
similar to those obtained in human medicine. In humans,
the fat area of the umbilical slice is the greatest, and it best
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Fig. 2. Relationship between the visceral fat area and the visceral fat volume. This figure shows the correlation between visceral fat area (VFA)
and visceral fat volume (VFV) at the level of each lumbar vertebra (L1 to L7), measured by using an attenuation range of —135 to —105
Hounsfield units (HU) in computed tomography (CT) images. The statistical analysis used Pearson’s correlation coefficient.

allows differentiation of subcutaneous fat from visceral fat [3]. In the present study, the mean total fat area was highest in the L3 slice,
indicating that this slice would best allow for separation of the fat area into the subcutaneous and visceral fat area. In previous studies,
slices of various vertebral levels (L2, L3, L4, and L5) were used to evaluate visceral fat, [23, 28] and there was not a uniform method
for evaluation. This study demonstrates that it is sufficient to use only the L3 slice to evaluate visceral fat. However, it should be noted
that our study has the following limitation: the number of large-sized dogs included in the study was fewer than small sized dogs.
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Fig. 4. Relationship between body condition score
and visceral fat area percentage in the L3 slice. Vis-
ceral fat area percentage (VFA%) in the L3 slice, the
ratio of visceral fat area to body area, was compared
to body condition score (BCS). Statistical analysis
used the Spearman’s rank correlation coefficient.

Fig. 3. Relationship between visceral fat area percentage and
visceral fat percentage. Visceral fat area percentage (VFA%), the
ratio of visceral fat area to body fat area in the L3 slice, was com-
pared to visceral fat percentage (VF%), the ratio of visceral fat
weight to body weight. The statistical analysis used the Pearson’s
correlation coefficient.

In our study, the VFA% in the L3 slice was significantly correlated with VF%. Body fat percentage, that is, the fat tissue weight
to body weight ratio is considered to be a useful clinical and research measurement used to account for body size differences in
different breeds [30]. Correspondingly, we calculated the VF% as the visceral fat weight to body weight ratio to account for body
size differences. Although VF% is the ratio of visceral fat to the whole body weight, it requires that all slices of the abdominal area
be evaluated; therefore, it is not clinically useful. Consequently, we calculated the VFA% in order to evaluate the visceral fat more
easily. As noted, VFA% was significantly correlated with VF%. Hence, we suspect that the VFA% is the index which reflects the
visceral fat distribution in the whole body.

In the present study, the BCS did not strongly correlate with the VFA% in the L3 slice, indicating that the visceral fat mass
differs among dogs of the same BCS. Therefore, the possibility exists that dogs have visceral obesity too. However, VFA% has
previously been reported to significantly correlate with the BCS (r=0.812) [16]. The discrepancy in the findings may be caused
by the small sample size and the limited number of breeds (only one breed) that were included in the previous study. In human
medicine, the International Diabetes Federation defines metabolic syndrome as visceral obesity with more than two of the
following findings: elevated triglyceride levels, reduced levels of high-density lipoprotein cholesterol, elevated blood pressure, and
elevated fasting plasma glucose levels [2]. In dogs, hyperlipidemia is reportedly associated with obesity [35]. However, the use
of the term “metabolic syndrome” in dogs is probably not appropriate, because there is no scientific evidence that a high BCS is
associated with clinical outcomes such as elevated blood pressure and elevated plasma glucose [32]. In the present study, the BCS
did not significantly correlate with VFA%. Thus, further research is needed in order to analyze the association between visceral
obesity and clinical outcomes in dogs.

In humans, the easiest way to measure visceral fat is by measuring the abdominal circumference at the level of the umbilicus.
The waist circumference is reported to be significantly correlated with the VFA at the umbilical level (r=0.76) [14]; however, it
does not allow for accurate quantification of the abdominal adipose tissue depot and may be unrelated to the amount of visceral
fat [20]. Bioelectrical impedance analysis (BIA) and ultrasonography have been reported as useful methods substitutes to the waist
circumference [24, 25]. Nonetheless, further research is needed to assess the use of non-anesthetic methods, such as BIA and
ultrasonography, for visceral fat evaluation in dogs.

In conclusion, we established that the VFA of the L3 CT slice could be used to evaluate canine visceral fat, and VFA% of L3
could reflect the visceral fat distribution in the whole body. Further study is needed to evaluate simpler methods for measuring
visceral fat without anesthesia and clarifying its clinical importance in dogs.
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