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            Abstract
Background:
Perivascular adipose tissue may be associated with the amount of local atherosclerosis. We developed a novel and reproducible method to standardize volumetric quantification of periaortic adipose tissue by computed tomography (CT) and determined the association with anthropometric measures of obesity, and abdominal adipose tissue.
Methods:
Measurements of adipose tissue were performed in a random subset of participants from the Framingham Heart Study (n=100) who underwent multidetector CT of the thorax (ECG triggering, 2.5â€‰mm slice thickness) and the abdomen (helical CT acquisition, 2.5â€‰mm slice thickness). Abdominal periaortic adipose tissue (AAT) was defined by a 5â€‰mm cylindrical region of interest around the aortic wall; thoracic periaortic adipose tissue (TAT) was defined by anatomic landmarks. TAT and AAT were defined as any voxel between âˆ’195 and âˆ’45â€‰HU and volumes were measured using dedicated semiautomatic software. Measurement reproducibility and association with anthropometric measures of obesity, and abdominal adipose tissue were determined.
Results:
The intra- and inter-observer reproducibility for both AAT and TAT was excellent (ICC: 0.97 and 0.97; 0.99 and 0.98, respectively). Similarly, the relative intra- and inter-observer difference was small for both AAT (âˆ’1.85Â±1.28% and 7.85Â±6.08%; respectively) and TAT (3.56Â±0.83% and âˆ’4.56Â±0.85%, respectively). Both AAT and TAT were highly correlated with visceral abdominal fat (r=0.65 and 0.77, P<0.0001 for both) and moderately correlated with subcutaneous abdominal fat (r=0.39 and 0.42, P<0.0001 and P=0.009), waist circumference (r=0.49 and 0.57, P<0.0001 for both) and body mass index (r=0.47 and 0.58, P<0.0001 for both).
Conclusion:
Standardized semiautomatic CT-based volumetric quantification of periaortic adipose tissue is feasible and highly reproducible. Further investigation is warranted regarding associations of periaortic adipose tissue with other body fat deposits, cardiovascular risk factors and clinical outcomes.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 12 print issues and online access
$259.00 per year
only $21.58 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Figure 1[image: ]


Figure 2[image: ]


Figure 3[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Abdominal subcutaneous fat quantification in obese patients from limited field-of-view MRI data
                                        
                                    

                                    
                                        Article
                                         Open access
                                         04 November 2020
                                    

                                

                                Sophia Michel, Nicolas Linder, â€¦ Harald Busse

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Comparison of single-slice CT and DXA-derived measures of central adiposity in South African women
                                        
                                    

                                    
                                        Article
                                        
                                         22 April 2020
                                    

                                

                                Florence E. Davidson, Tandi E. Matsha, â€¦ Julia H. Goedecke

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The association of pericardial fat and peri-aortic fat with severity of nonalcoholic fatty liver disease
                                        
                                    

                                    
                                        Article
                                         Open access
                                         18 August 2022
                                    

                                

                                Chun-Wei Lee, Chun-Ho Yun, â€¦ Charles Jia-Yin Hou

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Poirier P, Giles TD, Bray GA, Hong Y, Stern JS, Pi-Sunyer FX et al. Obesity and cardiovascular disease: pathophysiology, evaluation, and effect of weight loss. Arterioscler Thromb Vasc Biol 2006; 26: 968â€“976.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Taylor WL, Behnke AR . Anthropometric comparison of muscular and obese men. J Appl Physiol 1961; 16: 955â€“959.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Abbott RD, Behrens GR, Sharp DS, Rodriguez BL, Burchfiel CM, Ross GW et al. Body mass index and thromboembolic stroke in nonsmoking men in older middle age. The Honolulu Heart Program. Stroke 1994; 25: 2370â€“2376.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Jiang Y, Chen Y, Manuel D, Morrison H, Mao Y, Working Group O . Quantifying the impact of obesity category on major chronic diseases in Canada. Scientific World J 2007; 7: 1211â€“1221.
ArticleÂ 
    
                    Google ScholarÂ 
                

	He J, Ogden LG, Bazzano LA, Vupputuri S, Loria C, Whelton PK . Risk factors for congestive heart failure in US men and women: NHANES I epidemiologic follow-up study. Arch Int Med 2001; 161: 996â€“1002.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kenchaiah S, Evans JC, Levy D, Wilson PW, Benjamin EJ, Larson MG et al. Obesity and the risk of heart failure. New Engl J Med 2002; 347: 305â€“313.
ArticleÂ 
    
                    Google ScholarÂ 
                

	Scott KM, McGee MA, Wells JE, Oakley Browne MA . Obesity and mental disorders in the adult general population. J Psychosom Res 2008; 64: 97â€“105.
ArticleÂ 
    
                    Google ScholarÂ 
                

	Pietrobelli A, Boner AL, Tato L . Adipose tissue and metabolic effects: new insight into measurements. Int J Obes (2005) 2005; 29 (Suppl 2): S97â€“S100.
ArticleÂ 
    
                    Google ScholarÂ 
                

	Fowler PA, Fuller MF, Glasbey CA, Cameron GG, Foster MA . Validation of the in vivo measurement of adipose tissue by magnetic resonance imaging of lean and obese pigs. Am J Clin Nutr 1992; 56: 7â€“13.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Liu KH, Chan YL, Chan JC, Chan WB, Kong MO, Poon MY . The preferred magnetic resonance imaging planes in quantifying visceral adipose tissue and evaluating cardiovascular risk. Diabetes, Obes Metab 2005; 7: 547â€“554.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Iacobellis G, Assael F, Ribaudo MC, Zappaterreno A, Alessi G, Di Mario U et al. Epicardial fat from echocardiography: a new method for visceral adipose tissue prediction. Obes Res 2003; 11: 304â€“310.
ArticleÂ 
    
                    Google ScholarÂ 
                

	Abbara S, Desai JC, Cury RC, Butler J, Nieman K, Reddy V . Mapping epicardial fat with multi-detector computed tomography to facilitate percutaneous transepicardial arrhythmia ablation. Eur J Radiol 2006; 57: 417â€“422.
ArticleÂ 
    
                    Google ScholarÂ 
                

	Maurovich-Horvat P, Massaro J, Fox CS, Moselewski F, Oâ€™Donnell CJ, Hoffmann U . Comparison of anthropometric, area- and volume-based assessment of abdominal subcutaneous and visceral adipose tissue volumes using multi-detector computed tomography. Int J Obes (2005) 2007; 31: 500â€“506.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Fox CS, Massaro JM, Hoffmann U, Pou KM, Maurovich-Horvat P, Liu CY et al. Abdominal visceral and subcutaneous adipose tissue compartments: association with metabolic risk factors in the Framingham Heart Study. Circulation 2007; 116: 39â€“48.
ArticleÂ 
    
                    Google ScholarÂ 
                

	Okamoto E, Couse T, De Leon H, Vinten-Johansen J, Goodman RB, Scott NA et al. Perivascular inflammation after balloon angioplasty of porcine coronary arteries. Circulation 2001; 104: 2228â€“2235.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Lakka TA, Lakka HM, Salonen R, Kaplan GA, Salonen JT . Abdominal obesity is associated with accelerated progression of carotid atherosclerosis in men. Atherosclerosis 2001; 154: 497â€“504.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Rosito GA, Massaro JM, Hoffmann U, Ruberg FL, Mahabadi AA, Vasan RS et al. Pericardial fat, visceral abdominal fat, cardiovascular disease risk factors, and vascular calcification in a community-based sample: the Framingham Heart Study. Circulation 2008; 117: 605â€“613.
ArticleÂ 
    
                    Google ScholarÂ 
                

	Kuk JL, Church TS, Blair SN, Ross R . Does measurement site for visceral and abdominal subcutaneous adipose tissue alter associations with the metabolic syndrome? Diabetes Care 2006; 29: 679â€“684.
ArticleÂ 
    
                    Google ScholarÂ 
                

	Dawber TR, Kannel WB, Lyell LP . An approach to longitudinal studies in a community: the Framingham Study. Ann NY Acad Sci 1963; 107: 539â€“556.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Shurtleff D . Some characteristics related to the incidence of cardiovascular disease and death: Framingham study, 18-year follow-up. In: Kannel W, Fordon T (eds). The Framingham Study: An Epidemiological Investigation of Cardiovascular Disease. Department of Health, Education, and Welfare: Washington, DC, 1973.

                    Google ScholarÂ 
                

	Sjostrom L, Kvist H, Cederblad A, Tylen U . Determination of total adipose tissue and body fat in women by computed tomography, 40K, and tritium. Am J Physiol 1986; 250: E736â€“E745.
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Kvist H, Chowdhury B, Sjostrom L, Tylen U, Cederblad A . Adipose tissue volume determination in males by computed tomography and 40K. Int J Obes 1988; 12: 249â€“266.
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Bandekar AN, Naghavi M, Kakadiaris IA . Automated pericardial fat quantification in CT data. Conf Proc IEEE Eng Med Biol Soc 2006; 1: 932â€“935.
ArticleÂ 
    
                    Google ScholarÂ 
                

	Vela D, Buja LM, Madjid M, Burke A, Naghavi M, Willerson JT et al. The role of periadventitial fat in atherosclerosis. Arch Pathol Lab Med 2007; 131: 481â€“487.
PubMedÂ 
    
                    Google ScholarÂ 
                

	Henrichot E, Juge-Aubry CE, Pernin A, Pache JC, Velebit V, Dayer JM et al. Production of chemokines by perivascular adipose tissue: a role in the pathogenesis of atherosclerosis? Arterioscler Thromb Vasc Biol 2005; 25: 2594â€“2599.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Mazurek T, Zhang L, Zalewski A, Mannion JD, Diehl JT, Arafat H et al. Human epicardial adipose tissue is a source of inflammatory mediators. Circulation 2003; 108: 2460â€“2466.
ArticleÂ 
    
                    Google ScholarÂ 
                

	Iacobellis G, Pistilli D, Gucciardo M, Leonetti F, Miraldi F, Brancaccio G et al. Adiponectin expression in human epicardial adipose tissue in vivo is lower in patients with coronary artery disease. Cytokine 2005; 29: 251â€“255.
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Lohn M, Dubrovska G, Lauterbach B, Luft FC, Gollasch M, Sharma AM . Periadventitial fat releases a vascular relaxing factor. FASEB J 2002; 16: 1057â€“1063.
ArticleÂ 
    
                    Google ScholarÂ 
                

	Yudkin JS, Eringa E, Stehouwer CD . â€˜Vasocrineâ€™ signalling from perivascular fat: a mechanism linking insulin resistance to vascular disease. Lancet 2005; 365: 1817â€“1820.
ArticleÂ 
    
                    Google ScholarÂ 
                

	Taguchi R, Takasu J, Itani Y, Yamamoto R, Yokoyama K, Watanabe S et al. Pericardial fat accumulation in men as a risk factor for coronary artery disease. Atherosclerosis 2001; 157: 203â€“209.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Wheeler GL, Shi R, Beck SR, Langefeld CD, Lenchik L, Wagenknecht LE et al. Pericardial and visceral adipose tissues measured volumetrically with computed tomography are highly associated in type 2 diabetic families. Invest Radiol 2005; 40: 97â€“101.
ArticleÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
The Framingham Heart Study is supported by the National Heart, Lung and Blood Institute (N01-HC-25195). CL Schlett is supported in part by grants from the German Federal Ministry of Education and Research and the Foundation of German Business, Berlin.


Author information
Author notes	C S Fox and U Hoffmann: These authors contributed equally to the work.


Authors and Affiliations
	Cardiac MR PET CT Program, Massachusetts General Hospital, Harvard Medical School, Boston, MA, USA
C L Schlett,Â S J Lehman,Â F BambergÂ &Â U Hoffmann

	Department of Mathematics, Boston University, Boston, MA, USA
J M Massaro

	National Heart, Lung and Blood Institute's Framingham Heart Study, Framingham, MA, USA
C J O'DonnellÂ &Â C S Fox

	Cardiology Division, Department of Medicine, Massachusetts General Hospital, Harvard Medical School, Boston, MA, USA
C J O'Donnell

	Division of Endocrinology, Department of Medicine, Metabolism, and Diabetes, Brigham and Women's Hospital, Harvard Medical School, Boston, MA, USA
C S Fox


Authors	C L SchlettView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	J M MassaroView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	S J LehmanView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	F BambergView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	C J O'DonnellView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	C S FoxView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	U HoffmannView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Corresponding author
Correspondence to
                U Hoffmann.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Schlett, C., Massaro, J., Lehman, S. et al. Novel measurements of periaortic adipose tissue in comparison to anthropometric measures of obesity, and abdominal adipose tissue.
                    Int J Obes 33, 226â€“232 (2009). https://doi.org/10.1038/ijo.2008.267
Download citation
	Received: 15 May 2008

	Revised: 20 October 2008

	Accepted: 09 November 2008

	Published: 13 January 2009

	Issue Date: February 2009

	DOI: https://doi.org/10.1038/ijo.2008.267


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	adipose tissue
	intra-abdominal fat
	tomography, spiral computed
	Framingham Heart Study
	metabolic risk factors







            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Pericardial fat, thoracic peri-aortic adipose tissue, and systemic inflammatory marker in nonalcoholic fatty liver and abdominal obesity phenotype
                                    
                                

                            
                                
                                    	Chun-Ho Yun
	Jing-Rong Jhuang
	Meng-Ting Tsou


                                
                                Scientific Reports (2022)

                            
	
                            
                                
                                    
                                        Quantification of periaortic adipose tissue in contrast-enhanced CT angiography: technical feasibility and methodological considerations
                                    
                                

                            
                                
                                    	Apostolos T. Mamopoulos
	Patrick Freyhardt
	Gabor GÃ¤bel


                                
                                The International Journal of Cardiovascular Imaging (2022)

                            
	
                            
                                
                                    
                                        Assessment of periadventitial adipose tissue in abdominal aortic aneurysm with computed tomography and its challenges
                                    
                                

                            
                                
                                    	Marina Dias-Neto
	Jorn P. Meekel
	Kak K. Yeung


                                
                                The International Journal of Cardiovascular Imaging (2022)

                            
	
                            
                                
                                    
                                        Influence of local aortic calcification on periaortic adipose tissue radiomics texture featuresâ€”a primary analysis on PCCT
                                    
                                

                            
                                
                                    	Hishan Tharmaseelan
	Matthias F. Froelich
	Isabelle Ayx


                                
                                The International Journal of Cardiovascular Imaging (2022)

                            
	
                            
                                
                                    
                                        Cardiac Metabolic Implications of Fat Depot Imaging
                                    
                                

                            
                                
                                    	Stefanie Hendricks
	Tienush Rassaf
	Amir Abbas Mahabadi


                                
                                Current Cardiovascular Imaging Reports (2020)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Information
                                
                            
	
                                
                                    Open Access Fees and Funding
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Supplements
                                
                            
	
                                
                                    For Advertisers
                                
                            
	
                                
                                    Subscribe
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors & Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    International Journal of Obesity (Int J Obes)
                
                
    
    
        ISSN 1476-5497 (online)
    
    


                
    
    
        ISSN 0307-0565 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    











    [image: ]







[image: ]
