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		Abstract

		Background: National investigations on the interaction of insulin resistance, beta-cell dysfunction, and obesity with the development of diabetes are scarce in China.

Methods: In this prospective cohort study, we analyzed a nationwide sample of 97,828 adults aged 40 years or older, using data from the China Cardiometabolic Disease and Cancer Cohort Study, between 2011 and 2016. Glucose regulation status was defined according to the American Diabetes Association 2010 criteria. We examined the contributions of insulin resistance (homeostasis model assessment of insulin resistance [HOMA-IR]) and beta-cell dysfunction (HOMA of beta-cell function [HOMA-B]) to diabetes risk, and evaluated the impact of obesity on these associations.

Findings: High HOMA-IR was associated with a greater risk of diabetes (hazard ratio [HR] per unit increase in z score, 2Â·17; 95% CI, 2Â·10-2Â·24) than low HOMA-B (HR per unit decrease in z score: HR, 1Â·91; 95% CI, 1Â·84-1Â·99). The HRs for diabetes were 1Â·84 (95% CI, 1Â·74-1Â·96) per unit increase in z score of HOMA-IR and 2Â·04 (95% CI, 1Â·87-2Â·22) per unit decrease in z score of HOMA-B among participants with normal weight; the corresponding HRs for diabetes were 2Â·01 (95% CI, 1Â·92-2Â·10) and 1Â·88 (95% CI, 1Â·78-1Â·97) among participants with obesity (P[interaction] =0Â·006). The stronger association of HOMA-IR with diabetes than that of HOMA-B was diminished after adjusting for BMI. These associations and interactions were similar for participants with normal glucose regulation or prediabetes.

Interpretation: Insulin resistance exhibited a stronger association with diabetes risk than beta-cell dysfunction; such association pattern was mainly modified by obesity.

Funding Statement: This work was funded by the Chinese Ministry of Finance. It is also supported by the 973 Foundation (grant 2015CB553601), National Key R&D Program of China (grants 2016YFC1305600, 2016YFC1305202, 2016YFC0901200, 2016YFC1304904, 2017YFC1310700, and 2018YFC1311800), National Natural Science Foundation of China (grants 81622011 and 81621061), Shanghai Pujiang Program (grant 18PJ1409600), and the Shanghai Municipal Education Commissionâ€“Gaofeng Clinical Medicine Grant Support from Shanghai Jiao Tong University School of Medicine (grant 20171901).

Declaration of Interests: Dr Ralph A. DeFronzo has been a member of the Advisory Board for Astra Zeneca, Novo Nordisk, Janssen, Boehringer-Ingelheim, Intarcia, and Elcelyx; a speaker for Novo Nordisk and Astra Zeneca; and an investigator for Boehringer-Ingelheim, Astra Zeneca, Janssen, and Merck. No other conflicts of interest relevant to this article were reported.

Ethics Approval Statement:  This study was approved by the Medical Ethics Committee of Ruijin Hospital, Shanghai Jiao Tong University. All study participants provided written informed consent. 


	

	

	
		
		


	

	
	

		
		

	
	


	

	
	
	
		
	
	
	

	
	
		
		
			
				
			
		
		Keywords: Diabetes, insulin resistance, beta-cell dysfunction, obesity, nationwide investigation

	
	

	
    

    
	

	
	
	

	
	

























    	
	
	
	
   	
	
	
	
	
	            
	















	











    
    










    
    
    
    
















	



    




	
		Suggested Citation:
		Suggested Citation
	

	
		
			Wang,  Tiange and Lu,  Jieli and Shi,  Lixin and Chen,  Gang and Xu,  Min and Xu,  Yu and Su,  Qing and Mu,  Yiming and Chen,  Lulu and Hu,  Ruying and Tang,  Xulei and Yu,  Xuefeng and Li,  Mian and Zhao,  Zhiyun and Chen,  Yuhong and Yan,  Li and Qin,  Guijun and Wan,  Qin and Dai,  Meng and Zhang,  Di and Gao,  Zhengnan and Wang,  Guixia and Shen,  Feixia and Luo,  Zuojie and Qin,  Yingfen and Chen,  Li and Huo,  Yanan and Li,  Qiang and Ye,  Zhen and Zhang,  Yinfei and Liu,  Chao and Wang,  Youmin and Wu,  Shengli and Yang,  Tao and Deng,  Huacong and Zhao,  Jiajun and Lai,  Shenghan and Bi,  Yufang and DeFronzo,  Ralph A. and Wang,  Weiqing and Ning,  Guang and Group,  4C Study, Predominance of Insulin Resistance Over Beta-Cell Dysfunction as a Diabetes Risk Factor in Chinese Adults: Impact of Obesity in a Nationwide Prospective Study (August 15, 2019).  Available at SSRN: https://ssrn.com/abstract=3437795 or http://dx.doi.org/10.2139/ssrn.3437795 
		
	

	

	
	
	

	
		
	

	
		




	

	
	
		

	










    
    










    
    
    
    





















	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	


	























	
	

		

		

		
		
		

		
		
			
				
					
						Tiange  Wang

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Shanghai Jiao Tong University (SJTU) - Shanghai National Clinical Research Center for Endocrine and Metabolic Diseases 

			

			
			
				
				
				
					Shanghai
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Jieli  Lu

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Shanghai Jiao Tong University (SJTU) - Shanghai National Clinical Research Center for Endocrine and Metabolic Diseases 

			

			
			
				
				
				
					Shanghai
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Lixin  Shi

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Guizhou Medical University (Guiyang Medical University) - First Affiliated Hospital 

			

			
			
				
				
				
					Guiyang, Guizhou 550004
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Gang Chen

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Fujian Medical University - Fujian Provincial Hospital 

			

			
			
				
				
				
					Fuzhou
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Min  Xu

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Shanghai Jiao Tong University (SJTU) - Department of Endocrine and Metabolic Diseases  ( email )

			

			
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Yu  Xu

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Shanghai Jiao Tong University (SJTU) - Shanghai National Clinical Research Center for Endocrine and Metabolic Diseases 

			

			
			
				
				
				
					Shanghai
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Qing  Su

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Shanghai Jiao Tong University (SJTU) - Xinhua Hospital 

			

			
			
				
				
				
					Shanghai
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Yiming Mu

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				Chinese PLA General Hospital - Department of Endocrinology 

			

			
			
				
				
				
					Beijing, 100853
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Lulu  Chen

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Huazhong University of Science and Technology - Union Hospital 

			

			
			
				
				
				
					Wuhan
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Ruying Hu

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Zhejiang Provincial Center for Disease Control and Prevention - Department of Non-Communicable Disease Control and Prevention  ( email )

			

			
			
				
				
				
					Hangzhou
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Xulei Tang

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Lanzhou University - Department of Endocrinology 

			

			
			
				
				
				
					Lanzhou, Gansu 730000
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Xuefeng  Yu

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Huazhong University of Science and Technology - Tongji Hospital 

			

			
			
				
				
				
					1239 Siping Road
Shanghai, 200092
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Mian  Li

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Shanghai Jiao Tong University (SJTU) - Shanghai National Clinical Research Center for Endocrine and Metabolic Diseases 

			

			
			
				
				
				
					Shanghai
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Zhiyun  Zhao

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Shanghai Jiao Tong University (SJTU) - Shanghai National Clinical Research Center for Endocrine and Metabolic Diseases 

			

			
			
				
				
				
					Shanghai
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Yuhong  Chen

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Shanghai Jiao Tong University (SJTU) - Department of Endocrine and Metabolic Diseases 

			

			
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Li  Yan

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Sun Yat-sen University (SYSU) - Sun Yat-sen Memorial Hospital 

			

			
			
				
				
				
					107 Yanjiang W Rd
Guangzhou
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Guijun Qin

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Zhengzhou University - Division of Endocrinology  ( email )

			

			
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Qin  Wan

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Southwest Medical University - Affiliated Hospital 

			

			
			
				
				
				
					China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Meng  Dai

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Shanghai Jiao Tong University (SJTU) - Shanghai National Clinical Research Center for Endocrine and Metabolic Diseases 

			

			
			
				
				
				
					Shanghai
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Di  Zhang

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Shanghai Jiao Tong University (SJTU) - Shanghai National Clinical Research Center for Endocrine and Metabolic Diseases 

			

			
			
				
				
				
					Shanghai
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Zhengnan  Gao

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Dalian University - Dalian Municipal Central Hospital 

			

			
			
				
				
				
					Dalian
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Guixia Wang

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Jilin University (JLU) - Department of Endocrinology and Metabolism  ( email )

			

			
			
				
				
				
					China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Feixia  Shen

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Wenzhou Medical University - First Affiliated Hospital 

			

			
			
				
				
				
					Wenzhou, Zhejiang Province
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Zuojie  Luo

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Guangxi Medical University - First Affiliated Hospital 

			

			
			
				
				
				
					Guangxi, Guangxi Zhuang Autonomous Region 530021
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Yingfen Qin

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Guangxi Medical University - Department of Endocrine 

			

			
			
				
				
				
					Nanning, Guangxi 530021
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Li  Chen

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Shandong University - Qilu Hospital 

			

			
			
				
				
				
					Jinan
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Yanan  Huo

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Nanchang University - Jiangxi Medical School 

			

			
			
				
				
				
					Nanchang, 330000
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Qiang  Li

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Harbin Medical University - Second Affiliated Hospital 

			

			
			
				
				
				
					Harbin
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Zhen Ye

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Zhejiang Provincial Center for Disease Control and Prevention 

			

			
			
				
				
				
					Binjiang
Hangzhou, Zhejiang 310051
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Yinfei  Zhang

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Central Hospital of Shanghai Jiading District 

			

			
			
				
				
				
					Shanghai
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Chao  Liu

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Jiangsu Province Hospital on Integration of Chinese and Western Medicine 

			

			
			
				
				
				
					Nanjing
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Youmin Wang

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Anhui Medical University - Department of Endocrinology 

			

			
			
				
				
				
					Hefei, Anhui 230000
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Shengli  Wu

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Government of the People's Republic of China - Karamay Municipal People's Hospital 

			

			
			
				
				
				
					Xinjiang
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Tao Yang

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Nanjing Medical University - Nanjing Medical Hospital 

			

			
			
				
				
				
					Nanjing
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Huacong  Deng

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Chongqing Medical University - First Affiliated Hospital 

			

			
			
				
				
				
					Chongqing
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Jiajun Zhao

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Shandong First Medical University - Science and Technology Innovation Center  ( email )

			

			
			
				
				
				
					Jinan, Shandong
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Shandong First Medical University - Department of Endocrinology and Metabolism  ( email )

			

			
			
				
				
				
					China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Shandong Academy of Clinical Medicine - Institute of Endocrinology  ( email )

			

			
			
				
				
				
					China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Shandong Clinical Medical Center of Endocrinology and Metabolism  ( email )

			

			
			
				
				
				
					China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Shenghan Lai

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Johns Hopkins University - School of Medicine 

			

			
			
				
				
				
					733 North Broadway
Suite G-49
Baltimore, MD  21205-2196
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Yufang  Bi

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Shanghai Jiao Tong University (SJTU) - Shanghai National Clinical Research Center for Endocrine and Metabolic Diseases 

			

			
			
				
				
				
					Shanghai
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Ralph A. DeFronzo

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				University of Texas Health Science Center at San Antonio  ( email )

			

			
			
				
				
				
					315 N. San Saba
Suite 201
San Antonio, TX  78248
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Weiqing Wang

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Shanghai Jiao Tong University (SJTU) - Department of Endocrine and Metabolic Diseases  ( email )

			

			
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Guang Ning (Contact Author)

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Shanghai Jiao Tong University (SJTU) - Department of Endocrine and Metabolic Diseases  ( email )

			

			
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						4C Study  Group

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Independent 

			

			
			
				
				
			

			

		

		
	

	





	

	

	
	
		
	

	

	
	




				
				
				









	
	    












    
    






    
    







    









    
        
        
        
            
            

            

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    [image: PDF icon]Download This Paper
                    
                
            

        
    
        
    

            
            
                

                

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Open PDF in Browser
                    
                
            

        
    
        
    
            
        

    




















	














	
	    







 



	




	







	







































				
					
						

						
						Please enable JavaScript to view the comments powered by Disqus.

					

				

				

				
					
						

						
						

						

						
						

					
				

			


			
				
					
						
						
	










	
	    














	
	    














	
	    







	
		Click here to go to TheLancet.com

		
			

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Go to TheLancet.com
                    
                
            

        
    
        
    
		

	



					

				
				
					
					


	












	
	
	








	
		
			Paper statistics

		

	


	
		
		 
			
				Downloads

				       38

			

		
		
		
			Abstract Views

			      556

		

		
		
	


	
		
            
            	        1 Citations
		

	

	
		
			
				       37 References
		

	



	
		PlumX Metrics

		
			
		

		
			
		

	





				


				
				
					
					
						
					

					
						
					

					
						
					

					
						
					

					
						
							
								
									
										Preprints with The Lancet Specialties
									

									
										
											All Journals (16826)
										
											Allergy & Immunology (1063)
										
											Anaesthesia & Analgesia (51)
										
											Cardiology & Vascular Medicine (1168)
										
											Child & Adoloscence Health (1321)
										
											Critical Care (577)
										
											Dermatology (105)
										
											Digital Health (829)
										
											Endocrinology (963)
										
											Gastroenterology (989)
										
											Genetics & Genomics (2204)
										
											Geriatrics (204)
										
											Global Health (1326)
										
											Haematology (651)
										
											Infectious Diseases (5608)
										
											Nephrology (342)
										
											Neurology (1489)
										
											Nutrition (495)
										
											Obstetrics & Gynaecology (775)
										
											Oncology (3357)
										
											Ophthalmology (231)
										
											Otolaryngology (113)
										
											Planetary Health (263)
										
											Primary Care (853)
										
											Psychiatry (1095)
										
											Public Health (3555)
										
											Radiology & Medical Imaging (454)
										
											Respiratory Medicine (713)
										
											Rheumatology & Orthopaedics (613)
										
											Surgery (398)
										
											Urology (97)
										
									

								

							
						

					

				
				
					

    
        
            Related eJournals

        	
                    Preprints with The Lancet

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Preprints with The Lancet

                                
                                    Subscribe to this free journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                              262

                                    

                                    
                                        PAPERS

                                           16,826

                                    

                                

                                
                            

                        

                    

                


        
        

    


				


				
					
					

















				

			

		


		
				
					Feedback
					
				

			

			


	
		
		Feedback to SSRN

		
			
				
					Feedback
					 (required)
				
				
			

			
				
					Email
					 (required)
				
				
			

			
				Submit
				
			
		

		

		If you need immediate assistance, call 877-SSRNHelp (877 777 6435) in the United States, or +1 212 448 2500 outside of the United States, 8:30AM to 6:00PM U.S. Eastern, Monday - Friday.

	







	

	
	
		
		

	




	
	





  
  

	
	
		
	


	
	
		
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
	
		
	
		
			
				
			
			
		
	
		
	
		
			
				
			
			
		
	
		
	
		
			
				
			
			
		
	
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
	
		
	
		
	
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	


	
	
	






		
		









	






	
		
			
			
				SSRN Quick Links 

					SSRN Solutions
	Research Paper Series
	Conference Papers
	Partners in Publishing
	Jobs & Announcements
	Special Topic Hubs


			

			
				SSRN Rankings 

					Top Papers
	Top Authors
	Top Organizations


			

			
				About SSRN 

					Network Directors
	Announcements
	Contact us
	FAQs


			

			
		

			
	
	


		
			
				
			

			
				
					Copyright
					Terms and Conditions
					Privacy Policy
				

				
					All content on this site: Copyright Â© 2023 Elsevier Inc., its licensors, and contributors. All rights are reserved, including those for text and data mining, AI training, and similar technologies. For all open access content, the Creative Commons licensing terms apply.

					We use cookies to help provide and enhance our service and tailor content.

					To learn more, visit
					Cookie Settings.
					
						
							
							This page was processed by aws-apollo-l100 in   0.494 seconds 
						
					
					

				

			

			
				
			

		

	









	
		
		
		
		


    
        
        
        

        
        
                
                
                    
                
            
    

    

    


		






    























    




    








	


		[image:  ]

		
		
		
		
		
		
		
		
		
		
	
