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ABSTRACT

Objective: To identify any relationship among visceral adipose tissue area (visceral FA), liver density (liver HU), psoas muscle
area (psoas MA), waist circumference (WC) and the presence and severity of abdominal aortic calcific atherosclerosis (AAC).
Study Design: Cross-sectional descriptive study.

Place and Duration of Study: Ankara Kecioren Training and Research Hospital, Ankara, Turkey, from January to February
2019.

Methodology: This study included 316 patients, who had CT performed for urolithiasis investigation. For all patients, the pres-
ence and grade of AAC was recorded. Then, liver HU, spleen density (spleen HU), psoas MA, visceral FA, total abdominal fat
area (total FA), subcutaneous fat area (subcutaneous FA), WC and hip circumference (HC) were measured on a workstation.
Results: AAC was present in 127 patients (40.2%). The age, visceral FA, total FA, visceral FA/total FA ratio, WC and WC/HC ratio
of patients with AAC were significantly higher than for patients without AAC (p <0.05). Psoas MA was significantly lower in
patients with AAC (p <0.05). The cut-off value of visceral FA for the prediction of AAC was 131 cm’. The risk for AAC was 4.5
times higher in the group with visceral FA >131 cm’ (p <0.001). There were significant correlations between AAC grade and
liver HU and spleen HU (p = 0.002 and p = 0.001, respectively). However, there was no significant correlation between AAC
grade and liver HU/spleen HU ratio (p = 0.741).

Conclusion: Psoas muscle area, visceral adiposity and waist circumference can be used to predict abdominal aortic calcifica-
tion.
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INTRODUCTION obesity have highercardiovascularmortality than patients witha
high BMI (obese patients) without central obesity.? Artery calcifi-
cation, visible on the abdominal aortic or coronary artery, is an
indicator of future cardiovascular disease, and it is associated

with traditional cardiovascularriskfactors.*’

Obesity is a serious health issue due to its high morbidity and
mortality. To evaluate the severity of obesity and predict
secondary cardiovascular events, methods such as body mass
index (BMI), waist circumference/hip circumference ratio

(WC/HC) and body fat area measurements are used.’ Many
studies have stated that regional adipose tissue distribution
and ectopic adipose tissue accumulation, such as visceral and
subcutaneous, are key factors for explaining the relationship
between adiposity and cardiometabolic risk; and visceral
adipose tissue-induced endocrine and inflammatory factors
playaroleinthedevelopmentofatherosclerosis.’
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It has been shown that patients with a normal BMI but central

Fatty liverhasawide spectrum, ranging from simple hepatostea-
tosis to steatohepatitis.® It is the most common liver disease in
Western countries, with an incidence ranging from 17%-46%.°
Although fatty liver and visceral adipose tissue etiology are
similar, there are opinions in the literature that fatty liver can be
used as a cardiometabolic risk factor independent of visceral
steatosis.” In a meta-analysis investigating the effect of liver
density (liver HU) on subclinical atherosclerosis in coronary
arteries,’the prevalence of CAC was increased in those with fatty
livers. However, in another study investigating atherosclerotic
calcification in eight separate vascular beds, including the
abdominal aorta, no significant relationship was found between
AACandliverHU.’Therefore, thisissueis highly controversial.

Thereis evidence thatlow muscle mass may be associated with
metabolic syndrome, fatty liver, major cardiovascular events,
and even mortality.” However, there are limited data on the
relationship between low muscle mass and subclinical atheros-
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clerosis. Inthe literature, the relationships between atheroscle-
rosisand abdominal obesity, fatty liverand low muscle massare
controversial.

For this reason, this study aimed to reveal the relationships
between visceral adipose tissue, liver HU and psoas MA with the
presenceand severity of AAC.

METHODOLOGY

This retrospective study included 344 patients, who underwent
non-contrast abdominal CT in the prone position at Ankara
Kecioren Training and Research Hospital, Ankara, Turkey,
between January and February 2019. The inclusion criteria of
the participants were CT scanning to investigate urolithiasis (it
has optimal technical quality and FOV). Of the 344 patients, 28
were excluded from the study (<18 years old with cachexia and
motion artefact) and the remaining 316 were included. The
Hospital's Institutional Review Board approved the study.
Condition of informed consent was waived because this study
wasretrospective.

All the CT examinations were obtained by a 16-detector MSCT
device (Somatom Emotion 16; Siemens) with 120 kVp, 400
mAs, 200-270 mm FOV and a slice thickness of 0.5 mm. CT
imaging started from directly above the diaphragm and
finished at the level of the greater trochanters. CT scan anal-
ysis was performed using a workstation (vitrea, vital images;
Canon Group Company, Minnetonka, MN).

For the detection of abdominal obesity, total abdominal fat
area (total FA), subcutaneous fat area (subcutaneous FA),
visceralfatarea(visceral FA), WCand HCwere usedfortheeval-
uation of other ectopic adipose tissue areas: liver HU, spleen
density (spleen HU) and psoas muscle area (psoas MA), which
were automatically measured forall patients.

Forthe detection of atherosclerosis, the presence orabsence of
calcified plaque in the abdominal aorta (AAC) and iliac arteries
(IAC) was recorded. Then, AAC was graded according to
methods used in previous studies.™"*

The abdominal fat area was measured between the L4 and L5
vertebrae levels (13) using special workstation software by a
single radiologist (CO). The threshold value for measuring
adipose tissue was —70 to —130 HU. Visceral FA and subcuta-
neous FA segmentation were automatically separately
obtained using the workstation software (Figure 1).

A method described in previous studies was modified and used
for AAC grading."""> The abdominal aorta was evaluated
between the L1 - L4 vertebrae levels. Each vertebral level was
divided and scored in four quadrants in the axial plane, and the
affected vertebral length was scored between 0 and 3 (0: no
calcification, 1: 1/3 of vertebral length affected, 2: 2/3 of verte-
bral length affected and 3: whole vertebrae length affected) in
the longitudinal plane (Figure 2). The total ACC score for each
vertebra level ranged from 0 to 12, with a minimum total score
of 0andamaximum total score of48.

Figure 1: Total FA/Visceral FA (pink colored)/ subcutaneous FA (blue
colored) measurements.

Figure 2 AAC measuremnts.
As described in previous studies,”* in this study, the measure-
mentofliverHUwas performedattheT12-L1lintervertebraldisc
space level on segment 7-8 in the right liver lobe by a non-con-
trast CT scan. A 100 mm’ ROl was used for the measurement of
liver HU and the mean of three consecutive measurements was
used. During ROI placement, focal liver lesions and vascular
structures were avoided. Spleen HU measurements were
performed using the same level and method as the liver HU.
Liver HU values =40 or a liver HU/Spleen HU ratio <1 were
acceptedasfatty liver.”’

Psoas MA measurements were performed using a freehand ROI
atthe L4 vertebraelevel. The area within the region drawn from
the outer border of the psoas muscle was automatically calcu-
lated in mm’. WC and HC measurements were automatically
performed on the workstation during abdominal fat area
measurement.

The qualitative variables were descriptive measures, such as
number and percentage, and the quantitative variables were
mean, standard deviation (S.D), minimum and maximum. To
priorly examine the difference between two independent
groups, the distribution of the variables was examined by the
Kolmogorov-Smirnov normality test and histograms, box-plots
and Q-Q plots. Theindependent samples t-test was used for the
normally distributed variables. Mann-Whitney U-test was used
for analyses and performed only for under the age of 40. Since
thedistribution ofthe AACgrade was quite skewed, the relation-
ships between AAC grade and the other numerical variables
were examined by taking Spearman’s Rho correlation coeffi-
cientsintoconsideration. Alogisticregressionmodel was estab-
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lished for the two-state dependent variable. To determine the
threshold value, the significance of the area under the ROC
curve was examined. The sensitivity and specificity for all
possible threshold values were evaluated. The optimum
threshold value was estimated by the Youden Index. In this
study, the significance level was set at 0.05. All statistical anal-
yseswere performed using IBM spss statistics software, version
24.0(IBM Corp, Armonk, NY).

RESULTS

For the detection of abdominal obesity; total FA, subcutaneous
FA, visceral FA, WC, HC were used. For evaluation of other
ectopicadiposetissue areas; liver HU and spleen HU, psoas MA,
were measured forall patients automatically.

Forthe detection of atherosclerosis, the presence orabsence of
AACandIACwasrecorded.

The study population comprised 162 males (51.3%) and 154
females (48.7%), with a mean age 0of48.6 + 15.3 (20-83) years.
Mean values of visceral FA, subcutaneous FA, total FA, WC, HC,
psoas MA, liver HU, spleen HU, AAC, visceral FA/total FA, WC/HC,
liver HU/spleen HU ratios were 138.6 + 70.6 (7-399) cm’, 220.6
+116.7(20-1258)cm?, 355.5 + 147.3(45-828)cm?,99.9+12.5
(65-132) ¢cm, 107.2 + 11.0 (72-152) cm, 1191.1 + 430.4
(173-2316) mm?, 50.7 £11.6 (-5-73) HU, 42.4 + 5.4 (22-55) HU,
46 = 8.7 (0-44), 0.39 = 0.12 (0.09-0.70), 1.04 + 1.33
(0.74-20.43), 1.21 = 0.28 (-0.12-2.14), respectively. AAC, IAC
and fatty liver were presentin 127 (40.2%), 120 (37.8%) and 48
(15.2%) participants, respectively. The mean age, visceral FA,
visceral FA/total FA and WC measurements of the participants
with AACwere significantly higherthan the participants without
AAC (p <0.001; p <0.001; p <0.001; p <0.001, respectively,
(Table ). Psoas MA (p = 0.009) was significantly lower and total
FA cm’ (p = 0.017) was significantly higher in the AAC group
(Tablel).

Table I: Characteristics of with/without atherosclerotic aortic calcifica-
tion.

AAC

Negative Positive p-values

Mean = SD Mean = SD
Patient age (years) 40.31 £11.78 | 60.83 £11.18 | <0.001
Visceral FA (cm’) 119.95 +£69.34/166.39 +63.08| <0.001
Total FA (cm?) 339.30 £153.91 | 379.73+133.98 | 0.017
Visceral FA/Total FA 0.35+£0.12 0.44 £0.10 |<0.001
WC (cm) 97.64 £13.28 |103.17 +10.61| <0.001
HC (cm) 107.22 £11.45/107.09 £10.36| 0.918
W/H ratio 1.08 £1.72 0.96 £0.06 0.343
Psoas MA (mm?) 1242.89 +440.30{1114.13 +404.70| 0.009
Mean liver HU 51.61 +£12.19 | 49.24 £10.61 | 0.075
Mena spleen HU 43.26 £4.94 | 41.01 £5.70 |<0.001
Liver HU/Spleen HU ratio | 1.20 +0.28 1.22 £0.30 0.514

Psoas MA (male: 1497.46 + 350.61 mm®, female: 868.90 =
219.31 mm’; p <0.001); and visceral FA/total FA (male: 0.43
0.11, female: 0.33 £ 0.11; p < 0.001) were significantly higher
inmales.

The mean visceral FA of the atherosclerotic group for both
genders was significantly higher than in those without AAC
(male with AAC: 165.99 + 65.24 cm?, male without AAC: 125.94
+65.85 cm’; p <0.001; and female with AAC: 166.90 + 60.90
cm?, female without AAC: 114.28 + 72.37 cm? p <0.001,
respectively).

While there was no difference between males and females for
visceral FA (male: 143.24 + 68.35 cm?, female: 133.75 + 72.75
cm’; p = 0.233), subcutaneous FA was significantly higher in
females than males (male: 189.11 + 112.18 c¢m’, female:
253.63 = 112.39 cm? p <0.001). The relationship between
visceral FA and AAC grade was more potent in females than in
males (female: rs = 0.400; p <0.001 and male: rs = 0.31; p
<0.001).

ROC analysis was performed to investigate whether a
threshold value for visceral FA could be determined in terms of
the presence of AAC. As a result of the ROC analysis, the area
under the ROC curve was found to be 0.705 (95% Cl:
0.648-0.762, p <0.001). When the threshold value was
detected as 131 cm’ for visceral FA by the Youden Index, the
sensitivity and specificity for AAC were 74% and 61%, respec-
tively. There were 149 (47.2%) cases that had visceral FA <131
cm’,and 167 (52.8%) cases had visceral FA>131cm’.

Inthe univariatelogisticregressionanalysis, therisk ofthe pres-
ence of AAC was 23.6 times high >40 years age group (p
<0.001). Although psoas MA (p = 0.010), total FA (p = 0.018),
visceral FA/total FA (p <0.001) and WC (p <0.001) were found
to be significant, liver HU was not significant for the presence
AAC.

A multivariate logistic regression model was established for
age and visceral FA. Therisk of AAC was nearly 17 times higher
in patient >40 years of age than in those <40 years of age (p
<0.001). Patients with a visceral FA >131 cm” had two times
therisk of having ACCthan patients with <131 cm’.

AAC grade was positively correlated with patient age (r, =
0.695; p <0.001), visceral FA (r,= 0.355; p <0.001), visceral
FA/total FA(r,=0.359; p <0.001) and WC(r,=0.236; p <0.001).
There was a significant but low level of correlation between
liverHU, spleenHU and AACgrade (r,.=—0.177; p=0.002 andr,
= —0.186; p = 0.001, respectively). There was no significant
correlation between the liver HU/spleen HU ratio and AAC
grade (r,=—0.019; p = 0.741). In addition, there was a positive
correlation between the AAC positive group and WC/HC (r, =
0.239;p=0.007).

DISCUSSION

Regional fat distribution is correlated with obesity-related
mortality and morbidity.>** The most crucial cause of obesity-re-
lated morbidity and mortality is atherosclerosis and atheroscle-
rosis-related diseases. As is known, atherosclerosis is consid-
ered a systemic disease.” For this reason, it is thought that the
atherosclerotic process thatstartsinavascularbed may alsobe
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an indicator of atherosclerosis in other vascular beds, such as
coronary and cranial. In this study, the presence of AAC and the
grade of abdominal obesity markers (such as visceral FA and
WC) and other ectopic adipose tissue areas (such as liver HU
and psoas MA) were investigated. As the abdominal visceral FA
and WCincreased, it was shown that the frequency of AAC and
IAC and AAC grade were directly proportional (p >0.001), but
liverHUwas unrelated, althoughit could have asimilaretiology.
Alow psoas MA was also found to be positively associated with
the presenceof AACandIAC.

Some authors have argued that the ratio of abdominal obesity
(measured by WC and WC/HC) to the volume of total body fat
plays a more significant role in obesity-related diseases.’ In this
study, the presence of atherosclerosis was found to be associ-
ated with WC (p <0.001), and atherosclerosis was more severe
withincreasingWC (p <0.001). Thedistinction between visceral
and subcutaneous adipose tissue cannot be made by digital or
manual measurements.> For this reason, although there was a
relationship between WC and atherosclerosis in this study, this
can only be interpreted as abdominal obesity. However, when
abdominal obesity components were separately evaluated as
either visceral or subcutaneous, we only found a relationship
between visceral FA and atherosclerosis. In literature, a nega-
tive relationship has been reported among subcutaneous FA,
WC, BMI, volume of total body fat, and coronary/extra coronary
atherosclerotic plaque burden.* This may be due to endocrine
and inflammatory factors originating from visceral adipose
tissueinducing the developmentofatherosclerosis.

Ryo et al. stated that those with visceral obesity have higher
metabolic properties (triglyceride level, glucose level, etc.),
and decreasing visceral FA may play a preventive role in obesi-
ty-related diseases.” However, the results of studies investi-
gating the relationship between visceral FA and atherosclerotic
calcification in both the abdominal aorta and other vascular
beds are controversial. Some studies have shown that visceral
FA or the visceral FA/subcutaneous FA ratio are related to the
atherosclerotic diseases of various vascular beds.*™®" In
contrast, some studies have shown that visceral FA is not
related to atherosclerotic diseases in various vascular
beds.>”***In this study, the amount of visceral FA in the group
with AAC was higher than those without AAC, having detected
the correctproportionbetweenvisceral FAand AAC(0.001).

Deurenberg-Yap et al. showed that the East Asian population
tends to have more visceral FA than the European population
with the same BMI.” Different thresholds have been deter-
mined for different ethnic groups to predict atherosclerosis; for
example, 80 cm?*for the Chinese population and 100 cm? for the
Japanese population.* In this study, the threshold value for
predicting AAC was found to be 131 cm*(74% sensitivity, 61%
specificity), the presence of AAC was found to be 4.5 times
higherin patientswith visceral FAabove thisvalue.

Regional fat distribution varies between genders; it is
frequently more visceral in males and more subcutaneous in
females.” Inthis study, in individuals <40 years (p = 0.010) and

>40years (p <0.001), subcutaneous FAwas found to be signifi-
cantly higher in females than in males; whereas, visceral FA
measurements did not differ between genders in both age
groups (p=0.054andp=0.517, respectively). Inthis study, itis
thought that this might be due to a non-homogeneous distribu-
tion of BMI; but BMI could not be determined due to this being a
retrospective study. Additionally, Ditomasso et al.’s, study of
different vascular beds, including the abdominal aorta, found
the relationship between visceral FAand atherosclerotic calcifi-
cation to be stronger in females than in males.**Similarly, in the
present study, the correlation coefficient between visceral FA
and atherosclerosiswashigherinfemalesthaninmales.

Data on the relationship between liver HU and calcific atheros-
clerosis vary in the literature. In a meta-analysis investigating
the effect of liver HU on subclinical atherosclerosis in coronary
arteries,” the prevalence of CAC was increased in those with
fatty liver. Remigio-Baker et al.** showed that fatty liver was
associated with AAC, and this relationship was affected by both
ethnicity and gender. However, in the study of, Liu et al.
although they found a relationship between liver HU and CAC,
no relationship was found for AAC. Similarly, in another study
investigating atherosclerotic calcification in eight separate
vascularbeds,includingtheabdominalaorta, nosignificantrela-
tionship was found between AAC and liver HU.* In this study, no
relationship was found between liver HU and AAC, for both the
evaluation of all cases included in this study and the evaluation
of cases withaHU density =40 (p=0.077).Inastudy examining
the effect of muscle mass on atherosclerosis,” low muscle mass
wasshowntobeassociated with coronary atherosclerosis. Simi-
larly, in this study, psoas MA was statistically significantly lower
inthegroup with AAC.

This study has some limitations. First, although itis found a rela-
tionship between visceral FAand AAC, because this was not the
main subject of the study, the effect of reducing visceral FA on
AAC could not be demonstrated due to the retrospective design
of the study. Second, the current study’s population did not
include different ethnic groups. Data in the literature suggest
that the relationships between AAC and fatty liver and visceral
fat may be affected by ethnicity. Third, other atherosclerotic
risk factors, such as smokers’ blood lipid levels, were not evalu-
ated. Therefore, further prospective studies involving different
ethnic groups and examining different vascularbed atheroscle-
rosis, suchascardiacandcranial, are needed.

CONCLUSION

Fatty liver is not significantly associated with AAC, and the
effects of subcutaneous and visceral fattening on atheroscle-
rosis are different for the evaluation of abdominal obesity;
visceralfatteningmay be morerelated to AAC. It wasalsoshown
thatpsoas muscle mass wasdecreasedinthe group with AAC.

Therefore, anindication of the visceral or subcutaneous predis-
positionofabdominalobesityinCTexaminations; andtheevalu-
ation of psoas muscle mass can be guides for atherosclerotic
riskmanagementandtreatmentplanning.
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