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Abstract

:

The vascular risk associated with obesity is particularly associated with visceral adiposity, but recent studies suggest that ectopic fat might contribute to the increased risk of atherosclerotic cardiovascular disease. Our study aimed to explore the connection between arterial calcification of the aorta and renal arteries with visceral and ectopic fat deposits, including liver, pancreatic, and renal sinus fat. Retrospective analysis of thoracoabdominal multi-slice computed tomography (MSCT) scans of 302 patients included measurements of calcification volumes of thoracic and abdominal aorta, and of both renal arteries. On the same scans, the visceral fat volume, liver-to-spleen ratio, pancreatic-to-spleen ratio, and both renal sinus fat areas were retrieved. Logistic regression showed the left kidney sinus fat area to be the most strongly associated with calcifications in the aorta and both renal arteries (coef. from 0.578 to 0.913, p < 0.05). The visceral fat positively predicted aortic calcification (coef. = 0.462, p = 0.008), and on the contrary, the pancreatic fat accumulation even showed protective effects on thoracic and abdominal aorta calcification (coef. = −0.611 and −0.761, p < 0.001, respectively). The results suggest that ectopic fat locations differently impact the calcification of arteries, which should be further explored.
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1. Introduction


Atherosclerosis is a chronic inflammatory disease that is characterized by the formation of plaques within arterial walls. It is initiated by intimal lesions due to lipid retention and deposition accompanied by smooth muscle cell and fibrous matrix proliferation, which gradually develop into the formation of a plaque that can become calcified [1,2]. Atherosclerotic cardiovascular disease and its complications are a common cause of death, especially in the Western countries [1]. The most commonly affected arteries are coronary, carotid, and peripheral arteries, resulting in myocardial infarction, acute ischemic stroke, and peripheral arterial disease, respectively [3,4,5].



Calcification of the arterial wall has been shown to predict increased cardiovascular risk, independent of the classic cardiovascular risk factors [6,7,8,9]. Arterial calcification consists of calcium salt precipitates, mostly in apatite form, similar to the hydroxyapatite found in bone. In the past, vascular calcification was seen as an inert endpoint of atherosclerosis. However, recently it has become clear that it is an actively regulated process already occurring in the early stages of atherosclerotic lesions [10,11,12]. Arterial calcification is seen in studies using various imaging techniques [13]. However, they are best visualized with computed tomography (CT). Due to signal voids on magnetic resonance imaging (MRI), calcification is difficult to analyze on MRI scans. Using CT, calcium within plaque is usually suspected when a pixel exceeds 130 Hounsfield units (HU), and patchy arterial wall calcification is typical sign of atherosclerosis. In the coronary arteries, this technique is currently the only validated technique for the quantification of vascular calcification [14]. Other arterial calcifications are encountered incidentally as a part of chest and abdominal CT studies, or as a part of dedicated scans, such as renal angiography, evaluation of patients with an embolic event, or preprocedural assessments. So far, the amount, extent, and interrelation of aortic and renal arteries’ calcifications have not commonly been investigated.



Several risk factors associated with the presence or progression of vascular calcification have been identified [6,7,8,9,10,15], among which age, hypertension, and obesity play important roles. Obesity-related health risks are usually associated with the accumulation of visceral abdominal fat in contrast to subcutaneous deposits of fat. However, the development of obesity also leads to ectopic adipose tissue storage [16], such as in the liver, pancreas, perivascular tissue, renal sinus, skeletal muscles, and in other locations. Ectopic fat accumulation can increase the risk of cardiovascular disease and lead to dysfunction of organs in which it accumulates [17]. The normal renal sinus contains a small amount of adipose tissue that lines other structures within it. Through excess deposition of adipose tissue in the renal sinus, compression of various renal structures may occur, especially the inner medulla, which, unlike the entire kidney, is not protected by the fibrous capsule [18]. It has been previously shown that renal sinus adipose tissue may have an independent association with renal functions [19,20]. However, renal sinus adipose tissue research is limited to only a couple of recently published studies. Foster et al. [20] showed that renal sinus adipose tissue is associated with an increased risk of hypertension and chronic kidney disease (CKD). Apart from arterial atherosclerotic calcification accumulation in the intimal layer, CKD is also related to medial calcification, independent of hyperlipidemia and other classical atherosclerotic risk factors [21].



The main goal of our study was to explore the possible relation of visceral and various ectopic fat accumulations, including renal sinus, liver, and pancreatic fat deposits, on the calcification of aorta and renal arteries using thoracoabdominal CT scans. Furthermore, the extent of thoracic and abdominal aortic calcification, and calcification of renal arteries, was investigated and compared.




2. Materials and Methods


2.1. Study Design and Participants


The study is retrospective and cross-sectional. It was conducted on randomly selected adult patients who underwent both urgent thoracic and abdominopelvic CT scans requested from the Surgical Emergency Department between April 2020 and June 2023. Inclusion criteria: patients older than 18 years at the time of the scanning, patients with detailed medical history and complete imaging data. Exclusion criteria: incomplete medical history; inadequate imaging documentation, such as only thoracoabdominal scanning without pelvic scans, or lack of pre-contrast multi-slice computed tomography (MSCT) scans of any region; splenectomy or serious parenchymal organ injury. The age and sex of the patients were retrieved from the Hospital Information System (HIS). Imaging data were retrospectively extracted from Picture Archiving and Communication System (PACS). The CT scanning was performed using a 128-slice CT, Somatom, Siemens, Munich, Germany.




2.2. Vascular Calcification Measurement


Vascular calcifications were measured by trained radiologists using the Siemens (Munich, Germany) Syngovia post-processing tool “Ca Scoring”, which estimates calcifications on native CT scans. The tool is routinely used for coronary artery calcifications with Agatston score calculation. Each researcher passed training prior to the measurements. The procedure was as follows: on the native/pre-contrast scans, each calcification of the thoracic and abdominal aorta and both renal arteries was manually labeled (Figure 1A) and added up to the total volume of calcification of each artery. If the vascular calcifications were too close to the bone structures (spine) or were extending into an adjacent artery (for example thoracic into abdominal aorta), the freehand regions of interest (ROIs) on all scans where the lesion extended were used to delineate calcifications of interest and calculate calcification volume (Figure 1B,C). Finally, the volume of calcification within each artery was expressed in mm3 [22].




2.3. Visceral Fat Volume Measurement


The visceral fat volume, expressed in cm3, was measured on the native/pre-contrast CT scans of the abdomen and pelvis semiautomatically. First, at the umbilical level, a line at the inner contour of the abdominal muscles was carefully manually drawn. The Hounsfield unit of fat tissue attenuation from −200 and −40 HU was automatically segmented within this area surrounded by the manually drawn line. Finally, the visceral fat volume was automatically calculated by the Siemens syngo.via VB60A_HF08 software (Figure 2A). The intraclass correlation coefficient (ICC) was 0.982 (95% CI 0.96–0.99).




2.4. Ectopic Fat Accumulation Measurements


Liver attenuation was measured by drawing three round regions of interest (ROI) of the approximately same size, 1 cm2, at the portal vein level representing HU. The ROI was placed within the left lobe, right anterior lobe, and right posterior lobe of the liver. All ROIs were carefully distributed in the liver parenchyma, excluding the biliary, vascular, and other structures. (Figure 2B). The used liver attenuation was an average of the three HU at the mentioned measurement sites. Spleen attenuation was very similarly measured by averaging three manually placed round ROIs (approximately 1 cm2), representing HU, at three different areas of spleen on the same slice (Figure 2C). After the liver and spleen attenuation measurements, the liver-to-spleen attenuation ratio was calculated by dividing the average liver with average spleen attenuation. The index was used as a measure of ectopic fat accumulation in the liver parenchyma (liver steatosis). Pancreas attenuation measurement was similarly performed using ROI at the pancreatic parenchyma at the uncinate process, and the head, neck, body, and tail of the pancreas (Figure 2D). An average of the HU in the pancreas was calculated, and then the pancreas-to-spleen attenuation ratio was calculated in the same manner, by dividing the mean attenuation values of the pancreas and spleen. The pancreas-to-spleen attenuation was used as a measure of ectopic pancreatic fat accumulation (pancreatic steatosis). The ICC for the liver-to-spleen ratio was 0.939 (95% CI 0.80–0.97), and for the pancreas-to-spleen ratio it was 0.852 (95% CI 0.71–0.93).




2.5. Renal Sinus Fat Accumulation and Renal Imaging Parameters


The slices of the renal hilus of each kidney containing the largest amount of sinus fat were used to measure a renal sinus fat area in cm2, representing ectopic renal sinus fat accumulation. The sinus fat surface area was traced manually and identified by its low-density fatty content with a negative HU (Figure 3A). The length of the kidney was measured on the coronal reconstructions as the longest craniocaudal diameter of each kidney (Figure 3B). Renal parenchymal thickness was measured at the hilar level on axial scans (Figure 3C).




2.6. Laboratory Parameters


In terms of laboratory parameters, the following kidney function markers were collected from HIS: creatinine and estimated glomerular filtration rate. These parameters were obtained on the same day as the MSCT scanning.




2.7. Statistical Analysis


Statistical analysis was performed using the programming language Python ver. 3.9, and the Pingouin ver. 0.5.3, SciPy ver. 1.11.3, Scikit—learn ver. 1.0.1 [23], and Statsmodels ver. 0.13.1 [24] statistical libraries were also used. For visualization, we used Seaborn ver. 0.12.2 [25]. Correlations included different fat measurements and arterial calcification volumes of the aorta and renal arteries, and these were calculated using Spearman’s correlation. Due to a substantial number of zero values in the dependent variable for the abdominal, thoracic, and renal arteries, logistic regression was employed. Robust linear regression was utilized for the variables “Right sinus kidney fat area” and “Left sinus kidney fat area”, as they contained numerical values without many zeros. Alpha (α) for all regressions was 0.05. To standardize the data and to ensure that the regression coefficients were on a comparable scale, StandardScaler was employed. By standardizing the data using StandardScaler, each feature was transformed to have a mean of 0 and a standard deviation of 1. Consequently, the regression coefficients represent standardized regression coefficients. The initial predictors in all regressions were as follows: age, sex, smoking, hypertension, diabetes, cholesterol, eGFR, visceral fat, L/S, P/S, right kidney sinus fat area, left kidney sinus fat area, creatinine. Subsequently, the variance inflation factor (VIF) was computed for each predictor to mitigate multicollinearity. Predictors were chosen such that no VIF exceeded 5. Predictors with p values of statistical significance were retained, while those far from the alpha value were removed. The final set of predictors comprises those that are statistically significant with low VIF values (VIF < 5).





3. Results


Baseline patients’ data showed that the mean age of the 302 participants included was 49.47 ± 17.76 years, and 28.15% of patients were women. Mean liver, spleen, and pancreas attenuations were within the normal ranges (52.18, 40.99, and 37.46 HU, respectively). The mean volume of visceral fat was 20.37 cm3, the mean L/S was 1.29, and the P/S was 0.92. Both kidneys were of normal size and parenchymal thickness (Table 1). The mean creatinine serum level was 86.29 μmol/L, and the estimated glomerular filtration rate (eGFR) was 87.84 ± 22.78, which indicates stage 2 chronic kidney disease. The most heavily calcified vessel was the abdominal aorta (1198.32 mm3) followed by the thoracic aorta (867.81 mm3) and renal arteries (left 22.60 mm3 and right 21.71 mm3). Figure 4 shows the data distribution of the observed parameters, measures of visceral and ectopic fat accumulation (liver-to-spleen ratio, pancreas-to-spleen ratio, and renal sinus fat) and the calcification volumes of the thoracic aorta, abdominal aorta, and both renal arteries.



Table 2 and Figure 5 present significant correlations among measures of abdominal fat accumulation (visceral fat, liver-to-spleen ratio, pancreas-to-spleen ratio, renal sinus fat) and the calcification of the aorta and renal arteries. Positive strong to moderate correlations were observed for the calcification of arteries among themselves; the highest correlation was of the thoracic and abdominal aortic calcification volumes (r = 0.62) and the calcification of the left and right renal arteries (r = 0.47). Similarly, positive moderate correlations were observed between the visceral fat and renal sinus fat area (r = 0.40 and 0.37), and among two ectopic fats, L/S, and P/S (r = 0.37). A negative correlation was observed between visceral fat and liver-to-spleen ratio and pancreas-to-spleen ratio, and renal sinus fat and pancreas-to-spleen ratio. However, no significant correlation was observed between any one measure of ectopic fat and the calcification of observed arteries.



The logistic regression (Regression I, Table 3) covered all observed parameters, including demographic, laboratory, and MSCT parameters in relation to aortic calcification. Independent predictors of thoracic aortic calcification were age (coef. = 2.951), non-smoker status (coef. = −0.593), and visceral fat (coef. = 0.542), together explaining 56.4% of thoracic calcification. Independent predictors of abdominal aortic calcification were age (coef. = 3.687) and liver-to-spleen ratio (coef. = −0.472), together explaining 64.4% of abdominal calcification.



The second regression analysis (Regression II, Table 3) included only abdominal fat parameters in the regression model to explore their relation to aortic calcification, which altogether explained 17.5% and 20.2% variance of the thoracic and abdominal artery calcification volumes, respectively. In general, the strongest independent predictors of aortic calcification were pancreas-to-spleen ratio (coef. = −0.611 for thoracic and −0.761 for abdominal aorta) and fat area of the left sinus kidney (coef.= 0.913 for thoracic and 0.857 for abdominal aorta), while visceral fat showed a somewhat lower prediction (coef. = 0.462) for the thoracic aorta, as in Table 3.



Similarly, another logistic regression was performed which aimed to explore the prediction of observed parameters, i.e., demographic, laboratory, and MSCT parameters, on the calcification of left and right renal arteries (Regression I, Table 4). The regression showed that age was an independent positive predictor for both renal arteries (coef.= 2.170 for the right and coef. = 1.976 for the left renal artery). In the case of the right renal artery, sex was an independent, but weaker, predictor (coef. = 0.594), and for the left renal artery it was visceral fat (coef. = 0.511), as in Table 4, Regression I. Other parameters did not show significant independent prediction.



The second logistic regression (Regression II, Table 4) included only abdominal fat parameters in a regression model to explore their relation to calcification of both renal arteries. The results showed that ectopic and visceral fat deposits explained 10.3% of the right renal artery and 13.6% of the left renal artery’s calcification variance. The highest prediction for both renal arteries among the fat tissue variables showed a left renal sinus fat area (coef. = 0.695 and 0.578 for right and left renal artery), followed by the visceral fat (coef. = 0.492 for left renal artery), as in Table 4, Regression II.




4. Discussion


Our study showed no significant correlation between either measure of ectopic fat or calcification of observed arteries; however, logistic regression revealed the significant positive association of left renal sinus fat with the calcification of all four arterial locations, in comparison to right renal sinus fat. Visceral fat, liver-to-spleen ratio, and pancreas-to-spleen ratio were also independent predictors for some arteries, and pancreas-to-spleen ratio showed a small but protective effect on the aorta. Furthermore, strong correlations between thoracic and abdominal aortic calcifications, as well as between left and right renal artery calcification, were observed. The most heavily calcified vessel was the abdominal aorta, followed by the thoracic aorta and renal arteries, with a negligible difference between the left and right renal arteries. Finally, it is important to notice that our CT measurements showed high ICC, >0.9, since CT measurements theoretically might be affected by an operator-associated bias. According to previous research, arterial calcification usually begins at the abdominal aorta and spreads cranially to the thoracic aorta and caudally to iliac vessels. The process can also involve aortic branches, such as renal vessels or anterior visceral branches, although this is less well known. Therefore, we analyzed correlations among calcifications of renal arteries and thoracic and abdominal aorta to reveal if their involvement differs and to what extent. The strong correlation between the calcification volume in the thoracic and abdominal aorta is in accordance with a study by Maruyama et al. [26], who found a strong correlation between the calcification scores of the aortic arch and the abdominal aorta. We found several papers concerning the CT quantification of renal artery calcifications [27,28,29,30,31]. As in previous studies [27,28,29,32], renal artery calcifications were significantly associated with older age. There was no statistical difference between calcifications in the left and right renal artery, which is in accordance with Yang H et al. [32], who found no statistical difference in the incidence of renal artery plaque between the left renal artery and right renal artery.



The most intriguing finding of our study is a significant positive association of left renal sinus fat with calcifications of all four arteries, in comparison to right sinus fat, which was not associated with either artery. Our study showed that the renal sinus fat volume of the left kidney was somewhat larger than that of the right kidney (2.83 cm2 vs. 2.56 cm2), and this result was consistent with previous studies [33,34,35]. Previous studies have shown that renal fat sinus deposition was related to other deleterious fat depots, such as liver steatosis and visceral fat [33,36,37,38,39], similar to our results. Zhang et al. [33] found that there were correlations between the renal sinus fat in both kidneys with visceral adipose fat, hepatic fat fraction, and pancreatic fat fraction. Adipose tissue located in different body compartments may play distinct roles and contribute to comorbidities through unique pathophysiological mechanisms [40]. The renal calyces, renal pelvis, and blood vessels are surrounded by varied amounts of adipose tissue in the renal sinus. In the metabolically benign condition, renal sinus fat was beneficial to glomerular cells, and it may promote regeneration and anti-fibrosis effects, and reduce the release of pro-inflammatory factors by endothelial cells and podocytes. However, in a metabolically malignant condition, excessive fat accumulation in the renal sinus would result in increased intraabdominal pressure and compression of structures within the renal sinus, which increases renal hydrostatic pressure and activates the renin–angiotensin–aldosterone system (RAAS). Activation of the RAAS promotes hypertension, insulin resistance, atherosclerosis, and other adverse physiological effects related to obesity [41,42]. In addition, as an ectopic perivascular fat, renal sinus fat has the paracrine effect of secreting inflammatory cytokines and vasoconstrictive factors, which could lead to local inflammation, oxidative stress, lipotoxicity and fibrosis [20]. Findings from the Framingham Heart Study have revealed that renal sinus fat was related to multiple cardiometabolic risk factors [38]. It was found that renal sinus fat, as a perivascular fat depot in close contact with the adventitia of large, medium, and small arteries, has unique features that differ from other fat depots, and undergoes changes early in the development of metabolic diseases [37]. Krievina et al. [34] found that the renal sinus fat was directly related to the early renal injury markers Skim-1 and FGF-21. Lee et al. [43] revealed that both metabolic syndrome and obesity were associated with lower renal sinus fat attenuation index. A randomized controlled trial demonstrated that increased renal sinus fat was directly associated with hypertension [44]. Recently, it was also found that the accumulation of renal sinus fat seems to be involved in the pathogenesis of hypertension in obesity, and following bariatric surgery, loss of renal sinus fat was associated with remission from hypertension [45]. The reason may be that the asymmetric accumulation of RSF could be result of anatomical differences between the left and right renal veins [34]. The right renal vein receives blood from the right kidney only, but the left renal vein receives blood from the left renal vein as well as the left gonadal and adrenal veins [46]. The average left renal blood flow demonstrated a significant reduction relative to the average right renal blood flow. Additionally, there existed a substantial variation in the orientation of the calyces, given that the angles of the calyces in the right and left renal organs exhibit notable dissimilarities [47]. A potential hypothesis for the notable increase in renal sinus fat accumulation in the left kidney is the presence of an innate structural phenomenon that may result in asymmetrical blood flow to the renal organs [34].



Another finding was a negative correlation of pancreatic steatosis with other fat deposits, and its negative association with calcification of the abdominal and thoracic aorta. While pancreas volume decreases with age, pancreatic adipose content tends to increase [48,49]. Indeed, pancreatic steatosis is mainly due to pancreatic fatty infiltration rather than intracellular accumulation [50]. Nevertheless, events leading from triglyceride accumulation to lipid peroxidation are similar, so that the term nonalcoholic steatopancreatitis (NASP) has been coined [51]. Due to its inflammatory asset, NASP is likely to have crucial consequences. Pancreatic steatosis has been suggested as a predisposing factor for atherosclerosis, as it correlates with the carotid–femoral pulse wave velocity [52]; however, we suggest it might even have a minor “protective” effect on the vascular calcifications, maybe through disturbing normal insulin metabolism and its association with insulin resistance.



In conclusion, the study shows that age’s predominant effect on the extent of arterial calcification is much stronger than the cumulative effect of several abdominal fat deposits. Generally, a single fat deposit is relatively weakly related to arterial calcification compared to age. Also, readers must be aware that there are no direct and immediate clinical implications of these results. However, MSCT is an excellent method for accurately quantifying the calcification of each artery, and for separating and measuring every fat deposit in the body. We believe the study opens new insights into the pathophysiology of arterial calcification, which is important for improving knowledge and understanding of the atherosclerosis process. Finally, the study has some limitations. The study’s retrospective and cross-sectional design prevented us from more deeply understanding the relationships. Second, not all ectopic deposits of fat were taken into account due to a technical inability to estimate them on CT scans and current postprocessing software. The MSCT scans of polytrauma patients were chosen in the study, since it is only in this population that native/pre-contrast multi-slice CT scans (thorax, abdomen, pelvis) are routinely performed, which allowed the whole aorta to be scanned and analyzed. However, in this particular setting, the laboratory risk factors for atherosclerosis, such as LDL-cholesterol levels, were not routinely collected as they are not relevant for trauma management. Similarly, in the injured patient, the stress response can provoke acute hyperglycemia, and, therefore, the values of blood glucose levels were not taken into account in the regression analyzes. The MSCT cannot differentiate the calcification location (intimal vs. medial), so the study could not precisely differentiate if the calcifications that were found were atherosclerotic or CKD-related.



Apart from the mentioned limitations, the study has several strengths. It included a relatively high number of patients with no significant chronic comorbidities since they had CT scanning due to an urgent surgical indication, such as trauma. The independent effects of four ectopic intrabdominal fat deposits were analyzed. Also, the calcification volumes in the whole aorta were measured and compared to the calcifications of both renal arteries, which is not often investigated, and might help to better understand the extent and pattern of calcifications in different vessels.




5. Conclusions


To conclude, the calcification of the thoracic and abdominal aorta and both renal arteries show a moderate to strong correlation. Some ectopic and visceral fat measurements are associated with arterial calcifications, especially left renal sinus fat, which should be investigated further.
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Figure 1. Representative axial CT images showing arterial calcification measurement using syngo.via postprocessing software VB60A_HF08 (A), and freehand ROI measurement of calcification volume (B,C). 
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Figure 2. Representative axial CT images showing visceral fat volume estimation (A), liver attenuation measurement (B), spleen attenuation measurement (C), and pancreas attenuation measurement (D). 
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Figure 3. Representative CT scans showing renal parameter volume measurements: renal sinus fat area (A), length of the kidney (B), and renal parenchymal thickness (C). 
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Figure 4. Box plot showing the data distribution of the observed parameters—measures of visceral and ectopic (L/S, P/S and RSFA) fat accumulation and calcification volumes of the thoracic aorta, abdominal aorta, and both renal arteries. 
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Figure 5. Significant correlations among observed arteries’ calcification volumes and measures of fat accumulation. 
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Table 1. Baseline, clinical, and observed parameters in the study population sample.






Table 1. Baseline, clinical, and observed parameters in the study population sample.





	
Parameters

	
Mean ± SD






	
No. of participants (n)

	
302 (100%)




	
Age (years)

	
49.47 ± 17.76




	
Sex (n, %)

	
women 85 (28.15%)




	
men 217 (71.85%)




	
Smoking

	




	
Yes

	
61 (20.19%)




	
No

	
105 (34.76%)




	
Ex

	
26 (8.60%)




	
Not avalable

	
110 (36.42%)




	
Arterial hypertension, yes (n, %)

	
58 (19.20%)




	
Diabetes, yes (n, %)

	
25 (8.27%)




	
Cholesterol, yes (n, %)

	
38 (12.58%)




	
Visceral fat (cm3)

	
20.37 ± 12.60




	
Liver attenuation (HU)

	
52.18 ± 10.71




	
Spleen attenuation (HU)

	
40.99 ± 5.95




	
Liver-to-spleen ratio

	
1.29 ± 0.32




	
Pancreatic attenuation (HU)

	
37.46 ± 11.37




	
Pancreatic-to-spleen ratio

	
0.92 ± 0.30




	
Left kidney length (cm)

	
11.17 ± 1.24




	
Right kidney length (cm)

	
10.92 ± 1.30




	
Left kidney parenchymal thickness (cm)

	
1.73 ± 0.29




	
Right kidney parenchymal thickness (cm)

	
1.72 ± 0.59




	
Left kidney sinus fat area (cm2)

	
2.83 ± 1.53




	
Right kidney sinus fat area (cm2)

	
2.56 ± 1.60




	
Creatinine (μmol/L)

	
86.29 ± 29.49




	
eGFR (mL/min/1.73m2)

	
87.84 ± 22.78




	
Thoracic aorta calcification volume (mm3)

	
867.81 ± 2566.46




	
Abdominal aorta calcification volume (mm3)

	
1198.32 ± 2642.19




	
Left renal artery calcification volume (mm3)

	
22.60 ± 74.46




	
Right renal artery calcification volume (mm3)

	
21.71 ± 82.13








Abbreviations: HU—Hounsfield Units, eGFR—estimated glomerular filtration rate.













 





Table 2. Significant correlations among observed variables of fat tissue accumulation and the aorta and renal arteries.






Table 2. Significant correlations among observed variables of fat tissue accumulation and the aorta and renal arteries.





	Variable 1
	Variable 2
	r
	CI 95%
	p





	AA
	TA
	0.62
	[0.54 0.69]
	<0.0001



	LRA
	RRA
	0.47
	[0.38 0.56]
	<0.0001



	LRA
	AA
	0.40
	[0.3 0.5]
	<0.0001



	RRA
	AA
	0.37
	[0.26 0.47]
	<0.0001



	LRA
	TA
	0.34
	[0.24 0.45]
	<0.0001



	RRA
	TA
	0.30
	[0.19 0.41]
	<0.0001



	LKSFA
	RKSFA
	0.72
	[0.66 0.77]
	<0.0001



	VF
	RKSFA
	0.40
	[0.3 0.5]
	<0.0001



	VF
	LKSFA
	0.37
	[0.26 0.47]
	<0.0001



	L/S
	P/S
	0.37
	[0.27 0.47]
	<0.0001



	P/S
	VF
	−0.29
	[−0.4 −0.18]
	<0.0001



	L/S
	VF
	−0.18
	[−0.3 −0.07]
	<0.0001



	P/S
	RKSFA
	−0.18
	[−0.3 −0.07]
	<0.0001



	P/S
	LKSFA
	−0.13
	[−0.25 −0.01]
	<0.0001







Abbreviations: TA—thoracic aortic calcification volume, AA—abdominal aortic calcification volume, RRA—right renal artery calcification volume, LRA—left renal calcification volume, P/S—pancreas-to-spleen ratio, L/S—liver-to-spleen ratio, VF—visceral fat, RKSFA—right kidney sinus fat area, LKSFA—left kidney sinus fat area.













 





Table 3. Logistic regression showing significant predictions of thoracic and abdominal aortic calcification volumes with all other variables (Regression I) and with fat tissue measurements (Regression II).






Table 3. Logistic regression showing significant predictions of thoracic and abdominal aortic calcification volumes with all other variables (Regression I) and with fat tissue measurements (Regression II).





	

	
Thoracic Aorta Calcification Volume (mm3)

	
Abdominal Aorta Calcification Volume (mm3)






	
I. Regression

	
Coefficient

	
95% CI

	
p Value

	
Coefficient

	
95% CI

	
p Value




	
Age

	
2.951

	
2.282; 3.621

	
<0.05

	
3.687;

	
2.854; 4.530

	
<0.05




	
Visceral fat

	
0.542

	
0.074; 1.010

	
<0.05

	
/

	
/

	
/




	
Non-smoker status

	
−0.593

	
−0.994; −0.194

	
<0.05

	
/

	
/

	
/




	
L/S

	
/

	
/

	
/

	
0.472

	
0.921; −0.023

	
<0.05




	

	
R2 = 0.564

	
R2 = 0.644




	
II. Regression

	
Coefficient

	
95% CI

	
p Value

	
Coefficient

	
95% CI

	
p Value




	
Visceral fat

	
0.462

	
0.122; 0.803

	
0.008

	
0.317

	
−0.025; 0.659

	
0.069




	
L/S

	
0.279

	
−0.030; 0.589

	
0.077

	
0.099

	
−0.212; 0.411

	
0.532




	
P/S

	
−0.611

	
−0.986; −0.237

	
0.001

	
−0.761

	
−1.171; 0.352

	
<0.0001




	
RKSFA

	
−0.297

	
−0.808; 0.212

	
0.253

	
−0.011

	
−0.567; 0.544

	
0.968




	
LKSFA

	
0.913

	
0.412; 1.415

	
<0.0001

	
0.857

	
0.331; 1.383

	
0.001




	

	
R2 = 0.175

	
R2 = 0.202








Abbreviations: L/S—liver-to-spleen ratio, P/S—pancreas-to-spleen ratio, RKSFA—right kidney sinus fat area, LKSFA—left kidney sinus fat area.













 





Table 4. Logistic regression showing calcification volumes of both renal arteries in relation to all other parameters (regression I.) and in relation to fat tissue measurements (regression II.).






Table 4. Logistic regression showing calcification volumes of both renal arteries in relation to all other parameters (regression I.) and in relation to fat tissue measurements (regression II.).





	

	
Right Renal Artery Calcification Volume (mm3)

	
Left Renal Artery Calcification Volume (mm3)






	
I. Regression

	
Coefficient

	
95% CI

	
p Value

	
Coefficient

	
95% CI

	
p Value




	
Age

	
2.170

	
1.572; 2.769

	
<0.0001

	
1.976

	
1.406; 2.548

	
<0.0001




	
Sex

	
0.594

	
0.235; 0.954

	
0.001

	
/

	
/

	
/




	
Visceral fat

	
/

	
/

	
/

	
0.511

	
0.180; 0.843

	
0.002




	

	
R2 = 0.324

	
R2 = 0.350




	
II. Regression

	
Coefficient

	
95% CI

	
p Value

	
Coefficient

	
95% CI

	
p Value




	
Visceral fat

	
0.315

	
−0.042; 0.673

	
0.084

	
0.492

	
0.137; 0.848

	
0.007




	
L/S

	
0.199

	
−0.107; 0.506

	
0.202

	
0.122

	
−0.188; 0.434

	
0.775




	
P/S

	
−0.124

	
−0.437; 0.189

	
0.436

	
−0.283

	
−0.618; 0.051

	
0.097




	
RKSFA

	
−0.131

	
−0.606; 0.344

	
0.589

	
−0.116

	
−0.595; 0.361

	
0.632




	
LKSFA

	
0.695

	
0.209; 1.182

	
0.005

	
0.578

	
0.091; 1.067

	
0.020




	

	
R2 = 0.103

	
R2 = 0.136








Abbreviations: P/S—pancreas-to-spleen ratio, L/S—liver-to-spleen ratio, RKSFA—right kidney sinus fat area, LKSFA—left kidney sinus fat area.
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