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                    Abstract
Purpose
HCC incidence has been continuously rising in the US for the past 30 years. To understand the increase in HCC risk, we conducted a case–control study in Connecticut, New Jersey and part of New York City.
Methods
Through rapid case ascertainment and random digit dialing, we recruited 673 incident HCC patients and 1,166 controls. Information on demographic and anthropometric characteristics, lifestyle factors, medical and family cancer histories, were ascertained through telephone interviews using a structured questionnaire. Saliva specimens were collected for testing hepatitis C virus (HCV) antibodies. Unconditional logistic regression models were utilized to calculate odds ratio (OR) and 95% confidence interval (CI) to determine HCC associations with risk factors.
Results
The study confirmed that HCV infection and obesity were important risk factors for HCC, ORs 110 (95% CI 59.2–204) and 2.13 (95% CI 1.52–3.00), respectively. High BMI and HCV infection had synergy in association with elevated HCC risk. Patients both obese and infected with HCV had HCC detected on average nearly 10 years earlier than those with neither factor. Diabetes, cigarette smoking and heavy alcohol intake were all associated with increased risk of HCC, whereas aspirin and other NSAID use were associated with reduced risk. HCC cases tended to attain less education, with lower household incomes, unmarried, and to have had more sexual partners than the controls.
Conclusions
Individuals at risk of HCC in the US comprise a unique population with low socioeconomic status and unhealthy lifestyle choices. Given the multifactorial nature, a comprehensive approach is needed in HCC prevention.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                        
                    

                    

                    

                    References
	Bray F et al (2018) Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin 68(6):394–424
PubMed 
    
                    Google Scholar 
                

	Pisani P, Bray F, Parkin DM (2002) Estimates of the world-wide prevalence of cancer for 25 sites in the adult population. Int J Cancer 97(1):72–81
CAS 
    PubMed 
    
                    Google Scholar 
                

	Ma X, Yu H (2006) Global burden of cancer. Yale J Biol Med 79(3–4):85–94
PubMed 
    
                    Google Scholar 
                

	Torre LA et al (2015) Global cancer statistics, 2012. CA Cancer J Clin 65(2):87–108
PubMed 
    
                    Google Scholar 
                

	McGlynn KA, London WT (2005) Epidemiology and natural history of hepatocellular carcinoma. Best Pract Res Clin Gastroenterol 19(1):3–23
PubMed 
    
                    Google Scholar 
                

	El-Serag HB, Rudolph KL (2007) Hepatocellular carcinoma: epidemiology and molecular carcinogenesis. Gastroenterology 132(7):2557–2576
CAS 
    PubMed 
    
                    Google Scholar 
                

	Njei B et al (2015) Emerging trends in hepatocellular carcinoma incidence and mortality. Hepatology 61(1):191–199
PubMed 
    
                    Google Scholar 
                

	White DL et al (2017) Incidence of hepatocellular carcinoma in All 50 United States, from 2000 through 2012. Gastroenterology 152(4):812–820 e5
PubMed 
    
                    Google Scholar 
                

	Altekruse SF, McGlynn KA, Reichman ME (2009) Hepatocellular carcinoma incidence, mortality, and survival trends in the United States from 1975 to 2005. J Clin Oncol 27(9):1485–1491
PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Rahib L et al (2014) Projecting cancer incidence and deaths to 2030: the unexpected burden of thyroid, liver, and pancreas cancers in the United States. Cancer Res 74(11):2913–2921
CAS 
    PubMed 
    
                    Google Scholar 
                

	Singh GK, Siahpush M, Altekruse SF (2013) Time trends in liver cancer mortality, incidence, and risk factors by unemployment level and race/ethnicity, United States, 1969–2011. J Community Health 38(5):926–940
PubMed 
    
                    Google Scholar 
                

	Mokdad AH et al (2017) Trends and patterns of disparities in cancer mortality among US counties, 1980–2014. JAMA 317(4):388–406
PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Mundt KA et al (2017) Quantitative estimated exposure to vinyl chloride and risk of angiosarcoma of the liver and hepatocellular cancer in the US industry-wide vinyl chloride cohort: mortality update through 2013. Occup Environ Med 74(10):709–716
PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	El-Serag HB, Mason AC (2000) Risk factors for the rising rates of primary liver cancer in the United States. Arch Intern Med 160(21):3227–3230
CAS 
    PubMed 
    
                    Google Scholar 
                

	Marrero JA et al (2002) NAFLD may be a common underlying liver disease in patients with hepatocellular carcinoma in the United States. Hepatology 36(6):1349–1354
PubMed 
    
                    Google Scholar 
                

	Calle EE et al (2003) Overweight, obesity, and mortality from cancer in a prospectively studied cohort of U.S. adults. N Engl J Med 348(17):1625–1638
PubMed 
    
                    Google Scholar 
                

	Marrero JA et al (2005) Alcohol, tobacco and obesity are synergistic risk factors for hepatocellular carcinoma. J Hepatol 42(2):218–224
CAS 
    PubMed 
    
                    Google Scholar 
                

	Wong CR, Nguyen MH, Lim JK (2016) Hepatocellular carcinoma in patients with non-alcoholic fatty liver disease. World J Gastroenterol 22(37):8294–8303
CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Wong CR et al (2017) Survival after treatment with curative intent for hepatocellular carcinoma among patients with vs without non-alcoholic fatty liver disease. Aliment Pharmacol Ther 46(11–12):1061–1069
CAS 
    PubMed 
    
                    Google Scholar 
                

	El-Serag HB, Hampel H, Javadi F (2006) The association between diabetes and hepatocellular carcinoma: a systematic review of epidemiologic evidence. Clin Gastroenterol Hepatol 4(3):369–380
PubMed 
    
                    Google Scholar 
                

	El-Serag HB, Tran T, Everhart JE (2004) Diabetes increases the risk of chronic liver disease and hepatocellular carcinoma. Gastroenterology 126(2):460–468
PubMed 
    
                    Google Scholar 
                

	Karagozian R, Derdak Z, Baffy G (2014) Obesity-associated mechanisms of hepatocarcinogenesis. Metabolism 63(5):607–617
CAS 
    PubMed 
    
                    Google Scholar 
                

	Turati F et al (2013) Metabolic syndrome and hepatocellular carcinoma risk. Br J Cancer 108(1):222–228
CAS 
    PubMed 
    
                    Google Scholar 
                

	Samanic C et al (2006) Relation of body mass index to cancer risk in 362,552 Swedish men. Cancer Causes Control 17(7):901–909
PubMed 
    
                    Google Scholar 
                

	Borena W et al (2012) Metabolic risk factors and primary liver cancer in a prospective study of 578,700 adults. Int J Cancer 131(1):193–200
CAS 
    PubMed 
    
                    Google Scholar 
                

	Schlesinger S et al (2013) Abdominal obesity, weight gain during adulthood and risk of liver and biliary tract cancer in a European cohort. Int J Cancer 132(3):645–657
CAS 
    PubMed 
    
                    Google Scholar 
                

	Moller H et al (1994) Obesity and cancer risk: a Danish record-linkage study. Eur J Cancer 30A(3):344–350
CAS 
    PubMed 
    
                    Google Scholar 
                

	Wolk A et al (2001) A prospective study of obesity and cancer risk (Sweden). Cancer Causes Control 12(1):13–21
CAS 
    PubMed 
    
                    Google Scholar 
                

	Bugianesi E et al (2002) Expanding the natural history of nonalcoholic steatohepatitis: from cryptogenic cirrhosis to hepatocellular carcinoma. Gastroenterology 123(1):134–140
PubMed 
    
                    Google Scholar 
                

	Caldwell SH et al (2004) Obesity and hepatocellular carcinoma. Gastroenterology 127(5 Suppl 1):S97–103
CAS 
    PubMed 
    
                    Google Scholar 
                

	Caldwell SH, Crespo DM (2004) The spectrum expanded: cryptogenic cirrhosis and the natural history of non-alcoholic fatty liver disease. J Hepatol 40(4):578–584
PubMed 
    
                    Google Scholar 
                

	Qureshi K, Abrams GA (2007) Metabolic liver disease of obesity and role of adipose tissue in the pathogenesis of nonalcoholic fatty liver disease. World J Gastroenterol 13(26):3540–3553
CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Utzschneider KM, Kahn SE (2006) Review: The role of insulin resistance in nonalcoholic fatty liver disease. J Clin Endocrinol Metab 91(12):4753–4761
CAS 
    PubMed 
    
                    Google Scholar 
                

	Dowman JK et al (2014) Development of hepatocellular carcinoma in a murine model of nonalcoholic steatohepatitis induced by use of a high-fat/fructose diet and sedentary lifestyle. Am J Pathol 184(5):1550–1561
CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Asgharpour A et al (2016) A diet-induced animal model of non-alcoholic fatty liver disease and hepatocellular cancer. J Hepatol 65(3):579–588
CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Kishida N et al (2016) Development of a novel mouse model of hepatocellular carcinoma with nonalcoholic steatohepatitis using a high-fat, choline-deficient diet and intraperitoneal injection of diethylnitrosamine. BMC Gastroenterol 16(1):61
PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Yang S et al (2001) Hepatic hyperplasia in noncirrhotic fatty livers: is obesity-related hepatic steatosis a premalignant condition? Cancer Res 61(13):5016–5023
CAS 
    PubMed 
    
                    Google Scholar 
                

	Soga M et al (2003) Spontaneous development of hepatocellular carcinomas in the FLS mice with hereditary fatty liver. Cancer Lett 196(1):43–48
CAS 
    PubMed 
    
                    Google Scholar 
                

	Ekstedt M et al (2006) Long-term follow-up of patients with NAFLD and elevated liver enzymes. Hepatology 44(4):865–873
CAS 
    PubMed 
    
                    Google Scholar 
                

	Rafiq N et al (2009) Long-term follow-up of patients with nonalcoholic fatty liver. Clin Gastroenterol Hepatol 7(2):234–238
PubMed 
    
                    Google Scholar 
                

	Rinella ME (2015) Nonalcoholic fatty liver disease: a systematic review. JAMA 313(22):2263–2273
CAS 
    PubMed 
    
                    Google Scholar 
                

	Younossi Z et al (2018) Global burden of NAFLD and NASH: trends, predictions, risk factors and prevention. Nat Rev Gastroenterol Hepatol 15(1):11–20
PubMed 
    
                    Google Scholar 
                

	Makarova-Rusher OV et al (2016) Population attributable fractions of risk factors for hepatocellular carcinoma in the United States. Cancer 122(11):1757–1765
PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Yuan JM et al (2004) Synergism of alcohol, diabetes, and viral hepatitis on the risk of hepatocellular carcinoma in blacks and whites in the U.S. Cancer 101(5):1009–1017
PubMed 
    
                    Google Scholar 
                

	Zhu K et al (2007) Cigarette smoking and primary liver cancer: a population-based case-control study in US men. Cancer Causes Control 18(3):315–321
PubMed 
    
                    Google Scholar 
                

	Moore SC et al (2016) Association of Leisure-time physical activity with risk of 26 types of cancer in 1.44 million adults. JAMA Intern Med 176(6):816–825
PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Armstrong GL et al (2006) The prevalence of hepatitis C virus infection in the United States, 1999 through 2002. Ann Intern Med 144(10):705–714
PubMed 
    
                    Google Scholar 
                

	Hassan MM et al (2009) The association of family history of liver cancer with hepatocellular carcinoma: a case-control study in the United States. J Hepatol 50(2):334–341
PubMed 
    
                    Google Scholar 
                

	Petrick JL et al (2015) NSAID use and risk of hepatocellular carcinoma and intrahepatic cholangiocarcinoma: the liver cancer pooling project. Cancer Prev Res (Phila) 8(12):1156–1162
CAS 
    
                    Google Scholar 
                

	Sahasrabuddhe VV et al (2012) Nonsteroidal anti-inflammatory drug use, chronic liver disease, and hepatocellular carcinoma. J Natl Cancer Inst 104(23):1808–1814
CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                


Download references




Acknowledgments
The cooperation of 28 Connecticut hospitals, including Charlotte Hungerford Hospital, Bridgeport Hospital, Danbury Hospital, Hartford Hospital, Middlesex Hospital, New Britain General Hospital, Bradley Memorial Hospital, Yale/New Haven Hospital, St. Francis Hospital and Medical Center, St. Mary’s Hospital, Hospital of St. Raphael, St. Vincent’s Medical Center, Stamford Hospital, William W. Backus Hospital, Windham Hospital, Eastern Connecticut Health Network, Griffin Hospital, Bristol Hospital, Johnson Memorial Hospital, Day Kimball Hospital, Greenwich Hospital, Lawrence and Memorial Hospital, Milford Hospital, New Milford Hospital, Norwalk Hospital, MidState Medical Center, John Dempsey Hospital and Waterbury Hospital, in allowing patient access, is gratefully acknowledged. This study was approved by the State of Connecticut Department of Public Health Human Investigation Committee. Certain data used in this study were obtained from the Connecticut Tumor Registry in the Connecticut Department of Public Health. The authors assume full responsibility for analyses and interpretation of these data. The New Jersey State Cancer Registry (NJSCR) was supported by the Centers for Disease Control and Prevention’s National Program of Cancer Registries (NPCR) under the cooperate agreement 5NU58DP006279-02-00, the National Institute’s Surveillance, Epidemiology, and End Results (SEER) Program under contract number HHSN261201300021I, N01-PC-2013-00021, the State of New Jersey, and the Rutgers Cancer Institute. The authors especially thank Rajni Mehta for her support in case identification through RCA, Helen Sayward for her effort in conducting the study and Dr. Theresa Lukose for her effort in coordinating the study recruitment in the Transplant Clinical Research Center at Columbia University Medical Center. Funding was provided by National Cancer Institute (Grant Nos. R01CA138698 and U01CA230690).


Author information
Authors and Affiliations
	Epidemiology Program, University of Hawaii Cancer Center, 701 Ilalo Street, Honolulu, HI, 96813, USA
Yi Shen, Zhanwei Wang, Wei Jia, Linda Wong & Herbert Yu

	Department of Chronic Disease Epidemiology, Yale School of Public Health, New Haven, CT, USA
Harvey Risch, Lingeng Lu, Xiaomei Ma & Melinda L. Irwin

	Department of Internal Medicine, Yale School of Medicine, New Haven, CT, USA
Joseph K. Lim & Tamar Taddei

	New Jersey State Cancer Registry, New Jersey Department of Health, Trenton, NJ, USA
Karen Pawlish

	Rutgers Cancer Institute, Rutgers School of Public Health, New Brunswick, NJ, USA
Antoinette Stroup

	Department of Medicine, Weill Cornell Medical College, College of Physicians & Surgeons, Columbia University, New York, NY, USA
Robert Brown

	Center for Food Safety and Applied Nutrition, US Food and Drug Administration, College Park, MD, USA
Susan T. Mayne


Authors	Yi ShenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Harvey RischView author publications
You can also search for this author in
                        PubMed Google Scholar



	Lingeng LuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Xiaomei MaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Melinda L. IrwinView author publications
You can also search for this author in
                        PubMed Google Scholar



	Joseph K. LimView author publications
You can also search for this author in
                        PubMed Google Scholar



	Tamar TaddeiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Karen PawlishView author publications
You can also search for this author in
                        PubMed Google Scholar



	Antoinette StroupView author publications
You can also search for this author in
                        PubMed Google Scholar



	Robert BrownView author publications
You can also search for this author in
                        PubMed Google Scholar



	Zhanwei WangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Wei JiaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Linda WongView author publications
You can also search for this author in
                        PubMed Google Scholar



	Susan T. MayneView author publications
You can also search for this author in
                        PubMed Google Scholar



	Herbert YuView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Herbert Yu.


Additional information
Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


Electronic supplementary material

Below is the link to the electronic supplementary material.


10552_2020_1277_MOESM1_ESM.pdf
Supplemental Figure S1. Average BMI at ages 20s, 30s, 40s and 50s in HCC patients without HCV infection (top line), HCC patients with HCV infection (middle line) and population controls (bottom line) (PDF 34 kb)


Supplemental Figure S2. Median and mean ages of HCC patients grouped by HCV infection and obesity status (PDF 35 kb)

Supplementary file3 (DOCX 13 kb)

Supplementary file4 (DOCX 14 kb)

Supplementary file5 (DOCX 14 kb)

Supplementary file6 (DOCX 24 kb)




Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Shen, Y., Risch, H., Lu, L. et al. Risk factors for hepatocellular carcinoma (HCC) in the northeast of the United States: results of a case–control study.
                    Cancer Causes Control 31, 321–332 (2020). https://doi.org/10.1007/s10552-020-01277-1
Download citation
	Received: 19 August 2019

	Accepted: 10 February 2020

	Published: 14 February 2020

	Issue Date: April 2020

	DOI: https://doi.org/10.1007/s10552-020-01277-1


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
	HCC
	HCV
	Obesity
	Risk factors








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					3.238.192.85
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    